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I*  'CPLV  RCFIR  TO 

NAPEN-D 


Honorable  Brendan  T.  Byrne 
Governor  of  New  Jersey 
Trenton,  New  Jersey  08621 


Dear  Governor  Byrne: 


2 2 SEP  1978 


ACCESSION  ter U 

NTIS  While  Section 

DDC  Boll  Section  C ! 

UNANNOUNCED  D } 

JUSTIFICATION j 


ilSTRIBUTlON  / AVMlABiUTY  CODES 

Oist.  AVAIL  and/or  SPECIAL 


Inclosed  is  the  Phase  I Inspection  Report  for  Oradell  Reservoir  Dam  in 
Bergen  County,  New  Jersey  which  has  been  prepared  under  authorization 
of  the  Dam  Inspection  Act,  Public  Law  92-367,  A brief  assessment  of 
the  dam's  condition  is  given  on  the  first  three  pages  of  the  report. 

Based  on  visual  inspection,  available  records,  calculations  and  past 
operational  performance,  Oradell  Reservoir  Dam,  a high  hazard  potential 
structure,  is  judged  to  be  in  good  overall  condition.  However,  the 
spillway  is  considered  inadequate  since  37  percent  of  the  Probable 
Maximum  Flood  (PMF)  would  overtop  the  dam.  This  is  not  viewed  as  a 
serious  condition  in  that  this  dam  is  designed  to  withstand  overtopping. 
To  insure  adequacy  of  the  structure,  the  following  actions,  as  a minimum, 
are  recommended: 

a.  The  adequacy  of  the  spillway  should  be  determined  by  a qualified 
professional  consultant,  engaged  by  tiie  owner,  using  more  sophisticated 
methods,  procedures  and  studies  within  three  months  from  the  date  of 
approval  of  this  report.  Any  remedial  measures  necessary  to  insure 

the  adequacy  of  the  spillway  should  be  initiated  within  calendar  year 
1979.  In  the  interim,  detailed  emergency  operation  and  evacuation 
plans  and  a warning  system,  should  be  promptly  developed.  Also,  during 
periods  of  unusually  heavy  precipitation,  around-the-clock  surveillance 
should  be  provided. 

b.  Within  six  months  from  the  date  of  approval  of  this  report, 
engineering  studies  and  analyses  should  be  performed  to  assess  the 
stability  and  erodabillty  of  the  abutment  and  adjacent  areas  of  the  dam. 
Any  remedial  measures  found  necessary  should  be  initiated  within  calendar 
year  1979.  In  addition,  the  seepage  through  the  small  hole  in  the  right 
abutment  retaining  wall  should  be  investigated  in  more  detail. 


NATEN-D 

Honorable  Brendan  T.  Byrne 

c.  Within  three  months  from  the  date  of  approval  of  this  report, 
the  following  actions  should  be  taken. 

(1)  Repair  sluice  gates  1 and  2. 

(2)  Repair  the  areas  of  rip-rap  failure  and  bank  erosion  on  both 
sides  of  the  downstream  channel  from  the  dam  to  the  Oradell  Avenue  Bridge. 

d.  Within  six  months  from  the  date  of  approval  of  this  report, 
the  following  actions  should  be  taken. 

(1)  The  sluice  gate  outlet  slab  is  spalled  at  many  places  and  should 
be  repaired. 

(2)  The  small  hairline  crack  that  extends  across  the  crest  of  the 
concrete  spillway  should  be  observed  periodically  to  insure  that  this 
condition  does  not  worsen. 

(3)  The  one  square  foot  spalled  area  on  the  front  face  of  the 
dam  should  be  patched. 

(4)  The  expansion  joints  at  both  ends  of  the  spillway  should  be 
rcsealed . 

(5)  Maintain  observation  of  the  moisture  that  is  present  on  the  front 
face  of  the  dam  at  the  "V"-notches  and  the  longitudinal  construction  joints 
to  determine  whether  this  condition  worsens. 

(6)  All  expansion  joints  on  the  left  and  right  retaining  walls  should 
be  cleaned  out  and  repaired,  and  the  sealant  should  be  replaced. 

(7)  Initiate  a system  of  periodic  inspections  of  the  dam. 

A copy  of  the  report  is  being  furnished  to  Mr.  Dirk  C.  Hofman,  New 
Jersey  Department  of  Environmental  Protection,  the  designated  State 
Office  contact  for  this  program.  Within  five  days  of  the  date  of  this 
letter,  a copy  will  also  be  sent  to  Congressman  Andrew  Maguire  of  the 
Seventh  District  and  Congressman  Harold  Hollenbeck  of  the  Ninth  District. 
Under  the  provisions  of  the  Freedom  of  Information  Act,  the  inspection 
report  will  be  subject  to  release  by  this  office,  upon  request,  five 
days  after  the  date  of  this  letter. 

Additional  copies  of  this  report  may  be  obtained  from  the  National 
Technical  Information  Services  (NTIS) , Springfield,  Virginia,  22161 
at  a reasonable  cost.  Please  allow  four  to  six  weeks  from  the  date  of 
this  letter  for  NTIS  to  have  copies  of  the  report  available. 
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NAPEN-D 

Honorable  Brendan  T. 


Byrne 


An  Important  aspect  of  the  Dam  Safety  Program  will  be  the  implementation 
of  the  recommendations  made  as  a result  of  the  inspection.  We  accordingly 
request  that  we  be  advised  of  proposed  actions  taken  by  the  State  to 
implement  our  recommendations. 

Sincerely  yours. 


1 Incl 
As  stated 


T.  CALLAHAN 
Lieutentant  Colonel,  Corps  of  Engineers 
Acting  District  Engineer 


Cy  furn: 

Mr.  Dirk  C.  Hofman,  P.E.,  Deputy  Director 

Division  of  Water  Resources 

N.  J.  Dept,  of  Environmental  Protection 

P.0.  Box  2809 

Trenton,  NJ  08625 


This  dam  was  inspected  on  12  June  1978  by  Michael  Baker,  Jr.,  Inc. 
Consulting  Engineers  under  contract  to  the.U.  S.  Army  Engineer  District, 
Philadelphia,  in  accordance  with  the  National  Dam  Inspection  Act,  Public 
Law  92-367 

The  Oradell  Reservoir  Dam,  a high  hazard  potential  structure,  is  judged 
to  be  in  good  overall  condition.  However,  the  spillway  is  considered 
Inadequate  since  37  percent  of  the  Probable  Maximum  Flood  (PMF)  would 
overtop  the  dam.  This  is  not  viewed  as  a serious  condition  in  that  this 
dam  is  designed  to  withstand  overtopping.  To  insure  adequacy  of  the 
structure,  the  following  actions,  as  a minimum,  are  recommended: 

a.  The  adequacy  of  the  spillway  should  be  determined  by  a qualified 
professional  consultant,  engaged  by  the  owner,  using  more  sophisticated 
methods,  procedures  and  studies  within  three  months  from  the  date  of 
approval  of  this  report.  Any  remedial  measures  necessary  to  insure 

the  adequacy  of  the  spillway  should  be  initiated  within  calendar  year 
1979.  In  the  interim,  detailed  emergency  operation  and  evacuation  plans 
and  a warning  system,  should  be  promptly  developed.  Also,  during  periods 
of  unusually  heavy  precipitation,  around-the-clock  surveillance  should 
be  provided. 

b.  Within  six  months  from  the  date  of  approval  of  this  report, 
engineering  studies  and  analyses  should  be  performed  to  assess  the  sta- 
bility and  erodabillty  of  the  abutment  and  adjacent  areas  of  the  dam. 

Any  remedial  measures  found  necessary  should  be  initiated  within  calendar 
year  1979.  In  addition,  the  seepage  through  the  small  hole  in  the  right 
abutment  retaining  wall  Should  be  investigated  in  more  detail. 

c.  Within  three  months  from  the  date  of  approval  of  this  report, 
the  following  actions  should  be  taken. 

(1)  Repair  sluice  gates  1 and  2 

(2)  Repair  the  areas  of  rip-rap  failure  and  bank  erosion  on  both 
sides  of  the  downstream  channel  from  the  dam  to  the  Oradell  Avenue  Bridge. 

d.  Within  six  months  from  the  date  of  approval  of  this  report, 
the  following  actions  should  be  taken. 

(1)  The  sluice  gate  outlet  slab  is  spalled  at  many  places  and  should 
be  repaired. 

(2)  The  small  hairline  crack  that  extends  across  the  crest  of  the 
concrete  spillway  should  be  observed  periodically  to  insure  that  this 
condition  does  not  worsen. 


# 

(3)  The  one  square  foot  spalled  area  on  the  front  face  of  the 
dam  should  be  patched. 

(4)  The  expansion  joints  at  both  ends  of  the  spillway  should  be 
resealed . 

(5)  Maintain  observation  of  the  moisture  that  Is  present  on  the  front 
face  of  the  dam  at  the  "V"-notches  and  the  longitudinal  construction  Joints 
to  determine  whether  this  condition  worsens. 

(6)  All  expansion  joints  on  the  left  and  right  retaining  walls  should 
be  cleaned  out  and  repaired,  and  the  sealant  should  be  replaced. 

(7)  Initiate  a system  of  periodic  inspections  of  the  dam. 
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PHASE  I REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 

Name  of  Dam  - Oradell  Dam,  Bergen  County,  New  Jersey 
River  - Hackensack  River 
Date  of  Inspection  - 12  June  1978 

ASSESSMENT  OF 
GENERAL  CONDITIONS 


Oradell  Dam  is  a unique  structure  consisting  of  a 331  feet  long 
overflow  weir  section  and  a 68  feet  long  sluice  gate  section,  both 
of  which  have  maximum  heights  of  approximately  25  feet.  The  weir 
section  of  hydraulically  placed  clay  fill  has  a reinforced  concrete 
envelope  on  its  crest  and  downstream  slope.  This  envelope  is 
supported  largely  by  steel  braces  and  reinforced  concrete  counter- 
forts which  are  in  turn  supported  by  a reinforced  concrete  floor 
with  grade  beams  founded  on  timber  piles.  The  dam  is  owned  and 
operated  by  the  Hackensack  Water  Company. 

Visual  inspections  and  review  of  engineering  data  in  June  and  July 
1978,  indicate  no  serious  deficiencies  requiring  emergency  atten- 
tion. The  inspection  showed  the  dam  to  be  in  good  overall  condition. 
It  is  recommended  that  the  owner  repair  sluice  gates  1 and  2 which 
were  inoperable  at  the  time  of  inspection,  repair  areas  of  riprap 
failure  and  bank  erosion  on  both  sides  of  the  downstream  channel 
from  the  dam  to  the  Oradell  Avenue  Bridge,  investigate  the  cause  of 
seepage  through  the  small  hole  in  the  right  abutment  retaining  wall 
and  take  corrective  action  as  necessary,  repair  areas  of  spalled  or 
cracked  concrete  and  expansion  joints,  develop  emergency  operations 
procedures  for  the  dam  and  reservoir , and  perform  future  periodic 
inspections  of  the  dam. 

Hydraulic/hydrologic  analysis  recently  performed  by  a consulting 
engineering  firm  retained  by  the  owner  indicates  that  the  spillway 
will  not  pass  the  Probable  Maximum  Flood  without  overtopping  the 
dam.  The  analysis  indicated  that  the  dam  and  surrounding  areas  will 
be  overtopped  by  approximately  three  feet  of  water.  Therefore,  the 
owner  should  initiate  a detailed  hydraulic  and  hydrologic  study  to 
more  accurately  assess  the  spillway  capacity  under  Probable  Maximum 
Flood  conditions.  After  completion  of  the  detailed  hydraulic/ 
hydrologic  study,  an  evaluation  of  the  stability  and  erodability 
of  the  abutment  and  adjacent  areas  of  the  dam  should  be  performed. 


MICHAEL  BAKER 


Michael  Baker,  III,  P.E.' 
Chairman  of  the  Board  and 
Chief  Executive  Officer 
Registration  Number  13385 


NAME  OF  DAM:  ORADELL  DAM 
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PHASE  I INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
NAME  OF  DAM:  ORADELL  DAM,  ID#  NJ  00258 

SECTION  1 - PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority  - This  report  is  authorized  by  the 
National  Dam  Inspection  Act,  Public  Law  92-367, 

92nd  Congress,  H.R.  15951  enacted  8 August  1972 
and  has  been  prepared  in  accordance  with  Contract 
No.  DACW61-78-C-0141  between  Michael  Baker,  Jr., 
Inc.,  and  the  U.S.  Army  Corps  of  Engineers, 
Philadelphia  District. 

b.  Purpose  of  Inspection  - The  purpose  of  this  inspec- 
tion is  to  evaluate  the  general  condition  of 
Oradell  Dam  with  respect  to  safety  of  the  facility 
based  upon  available  data  and  visual  inspection. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances  - Oradell  Dam 
is  a unique  structure  consisting  of  a 331  feeu 
long  overflow  weir  section  separated  from  a 68 
feet  long  sluice  gate  section  by  a three  feet  wide 
reinforced  concrete  training  wall.  The  sluice 
gate  section  is  located  at  the  right  (west)  abutment 
and  the  weir  section,  extends  across  the  river 
channel  to  the  left  (east)  abutment  (see  Plate  1). 
The  dam  and  its  appurtenances  are  described  briefly 
in  the  following  paragraphs.  For  a more  detailed 
description,  refer  to  Hill,  N.S.,  Jr.,  "The  Oradell 
Dam  of  the  Hackensack  Water  Company, " Transactions , 
American  Society  of  Civil  Engineers,  Vol.  89, 

1926,  pp.  1181-1202. 

• 

The  20  feet  high  overflow  weir  section  is  of 
hydraulically  placed  clay  fill  with  a reinforced 
concrete  envelope  on  the  upper  portion  of  the 
upstream  slope,  the  crest,  and  the  entire  downstream 
slope  (see  Plates  3 and  8).  This  envelope  is 
supported  largely  by  steel  braces,  reinforced 
concrete  counterforts,  and  a reinforced  concrete 
floor  with  grade  beams  beneath  the  counterforts 
(see  Plate  3).  The  grade  beams  are  supported  by 
14  inch  diameter,  20  ton  design  capacity  timber 
piles  extending  some  30  feet  through  glaciofluvial 
soils  to  underlying  "hardpan,"  i.e.,  glacial  till 
(see  Plates  1,  3,  4 and  5).  The  downstream  toe  of 
the  concrete  envelope  is  thickened  as  a combination 


NAME  OF  DAM:  ORADELL  DAM 


toe  block,  pile  cap,  and  bucket-type  energy  dissi- 
pator.  This  toe  block  contains  horizontal  two 
inch  diameter  drainpipes  for  relief  of  water 
pressures  in  the  earth  fill  (see  Plates  3 and  8). 
(The  inclined  drainpipes  shown  on  Plates  3 and  8 
at  the  downstream  toe  of  the  weir  were  apparently 
never  installed. ) A reinforced  concrete  apron 
extends  45  feet  downstream  from  the  weir  toe  block 
(see  Plates  1,  3,  6 and  8). 

The  weir  section,  which  was  resurfaced  in  1965, 
has  crest  El.  23.16  and  toe  El.  7.16  (see  Plate  8) 
referenced  to  U.S.G.S.  datum  of  Mean  Sea  Level 
(M.S.L.)  which  is  2.62  feet  lower  than  the  Mean 
High  Tide  (M.H.T. ) datum  used  in  the  original 
design  (see  Plates  1 through  7).  All  elevations 
given  in  this  report,  except  those  on  Plates  1 
through  7,  are  referenced  to  M.S.L.  datum. 

The  sluice  gate  section  is  of  reinforced  concrete 
with  seven  bays,  each  containing  a seven  by  nine 
feet  gate  (see  Plate  2).  The  sluice  gate  section 
is  founded  on  concrete  piers  bearing  on  "hardpan, " 
which  is  fairly  shallow  along  the  right  abutment 
(see  Plates  1 and  4).  A reinforced  concrete  floor 
spans  between  the  piers  and  a two  feet  wide  concrete 
cutoff  wall  extends  from  the  floor  to  "hardpan" 

(see  Plate  2).  The  sluice  gates  were  manually 
operated  until  1959  when  a portable  electric  gear 
drive  unit  suitable  for  operating  one  gate  at  a 
time  was  added.  The  operating  platform  at  the  top 
of  the  sluice  gate  section  is  at  El.  25.6  and  the 
gate  exit  inverts  are  at  El.  2.6.  A reinforced 
concrete  apron  extends  approximately  50  feet 
downstream  from  the  sluice  gate  section  (see 
Plates  1 and  6 ) . 

A cutoff  wall  of  steel  sheet  piling  was  driven  to 
refusal  on  "hardpan."  This  sheet  piling  extends 
from  the  left  (east)  abutment  concrete  retaining 
wall  along  the  spillway  section  to  the  training 
wall  on  the  left  (east)  side  of  the  approach 
channel  to  the  sluice  gates  (see  Plate  5).  Tops 
of  sheet  piles  are  embedded  in  the  concrete  of  the 
left  abutment  retaining  wall,  weir  section  floor 
slab  (see  Plate  3),  and  sluice  gate  approach 
channel  training  wall.  The  steel  sheet  piling 
forms  a continuous  cutoff  with  the  concrete  core 
wall  of  the  sluice  gate  section  (see  Plate  2). 

The  upstream  toe  of  hydraulically  placed  clay  fill 
for  the  weir  section  was  retained  by  an  earth  and 
timber  crib  dam  which  had  been  constructed  in 


1911.  This  crib  dam  with  a crest  at  approximately 
El.  14.2  had  a timber  sheet  pile  cutoff  extending 
about  20  feet  below  streambed  to  approximately 
El.  -20.  The  crib  dam  had  a width  of  about  10 
feet  and  was  curved  in  plan.  The  left  (east)  end, 
center  and  right  (west)  end  of  the  crib  dam  were 
located  about  45,  80  and  50  feet  upstream,  respec- 
tively, from  the  crest  of  the  weir  section.  The 
right  end  of  the  crib  dam  was  removed  for  the 
sluice  gate  approach  channel  and  the  training  wall 
on  the  left  side  of  the  approach  channel  was  tied 
into  the  crib  dam  to  retain  the  hydraulic  fill 
portion  of  the  weir  section. 

Concrete  gravity  retaining  walls  on  both  ends  of 
the  dam  were  extended  into  the  abutments  as  concrete 
core  walls  (see  Plate  1).  These  retaining  walls 
and  core  walls  have  top  El.  25.6.  The  right 
abutment  retaining  wall  and  core  wall  are  founded 
on  "hardpan"  ( see  Plate  1 ) . The  left  abutment 
retaining  wall  and  core  wall  are  founded  on  14 
inch  diameter  timber  piles,  as  is  the  sluice  gate 
approach  channel  training  wall  (see  Plate  5).  As 
mentioned  previously,  the  steel  sheet  pile  foundation 
cutoff  also  extended  into  the  left  abutment  and 
along  the  sluice  gate  approach  channel  training 
wall  (see  Plate  5).  A reinforced  concrete  apron 
extends  the  full  width  of  the  sluice  gate  approach 
channel  for  a distance  of  about  90  feet  upstream 
from  the  gates. 

b.  Location  - Oradell  Dam  is  located  on  the  Hackensack 
River  in  the  town  of  Oradell,  Bergen  County,  New 
Jersey.  The  dam  is  located  about  one  mile  upstream 
from  the  town  of  New  Milford  and  four  miles  upstream 
from  the  city  of  Hackensack. 

c.  Size  Classification  - The  maximum  height  of  the 
dam  is  25  feet  and  the  reservoir  volume  to  spillway 
crest  level  is  10,026  acre-feet.  Therefore,  the 
dam  is  in  the  ''Intermediate"  size  category  as 
defined  by  the  "Recommended  Guidelines  for  Safety 
Inspection  of  Dams." 

d.  Hazard  Classification  - Low-lying  portions  of  the 
towns  of  Dumont  and  New  Milford  along  the  reach  of 
Hackensack  River  extending  approximately  one  and 
one-half  miles  downstream  from  the  dam  contain  an 
estimated  70  homes  and  400  persons  as  well  as  the 
New  Milford  intake  and  treatment  plant  of  the 
Hackensack  Water  Company  and  other  facilities.  In 
the  event  of  failure  of  Oradell  Dam,  it  is  estimated 
that  "more  than  a few"  lives  would  be  lost  and  the 
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economic  losses  would  be  "excessive."  The  dam  is 
therefore  classified  in  the  "High"  hazard  category 
as  defined  by  the  "Recommended  Guidelines  for 
Safety  Inspection  of  Dams." 

e.  Ownership  - The  dam  is  owned  by  Hackensack  Water 
Company,  4100  Park  Avenue,  Weehawken,  New  Jersey 
07087. 

f.  Purpose  of  Dam  - The  dam  is  used  for  water  supply 
and  limited  recreation. 

g.  Design  and  Construction  History  - The  existing 
facility  was  designed  for  the  owner  by  Nicholas  S. 
Hill,  Consulting  Engineer,  New  York,  New  York, 
over  the  period  from  1911  to  1922.  The  dam  was 
constructed  from  1920  to  1922.  Names  and  addresses 
of  construction  contractors  are  not  readily  available. 
The  concrete  weir  envelope  was  resurfaced  in  1965 
(see  Plate  8 ) . 

h.  Normal  Operational  Procedures  - Efforts  are  made 
to  keep  the  reservoir  full  to  the  spillway  weir 
crest,  El.  23.16.  Water  is  released  through  the 
sluice  gates  as  necessary  for  intake  and  treatment 
downstream.  Sluice  gates  are  typically  adjusted 
several  times  per  day  to  balance  discharge  with 
downstream  demand.  The  gates  are  never  fully 
opened  in  normal  operations.  A gate  operator 
visits  and  inspects  the  dam  every  two  hours  under 
normal  conditions  and  every  hour  when  rainfall 
exceeds  0.5  inch. 

1 . 3 PERTINENT  DATA 


a.  Drainage  Area  - The  drainage  area  of  Oradell  Dam 
is  112  square  miles. 

b.  Discharge  at  Damsite  - The  maximum  known  flow  at 
the  damsite  through  the  gates  and  over  the  spillway 
is  3120  m.g.d.  This  flow  occurred  on  9 November  1977 
with  a head  of  approximately  1.6  feet  on  the  spill- 
way and  the  gates  were  not  completely  open. 

c.  Elevation  (feet  above  M.S.L.)  - 

Top  of  Dam  - 1)  25.6  - Sluice  gate  operating  platform 

2)  23.16  - Spillway  weir  crest 
Maximum  Pool  (Design  Discharge)  - 23.6  (7970  c.f.s.) 
(original  design  — seven  gates  fully  open  and  one  foot 
water  over  spillway) 

Normal  Pool  - 23.16 

Streambed  at  Centerline  of  Dam  - 0.8 
Maximum  Design  Tailwater  - 14.9 
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Reservoir  (miles)  - 

Length  of  Normal  Pool  - 4.2  (Pool  El.  23.16) 
Storage  - 

At  Spillway  Crest  (El.  23.16)  - 10,026  acre-feet 
Top  of  Dam  - Not  applicable 

Reservoir  Surface  (acres)  - 


Top  of  Dam  - 623 
Spillway  Crest  - 623 
Normal  Pool  - 623 

Dam  - 

Type  - Hydraulically  placed  earthfill  with  concrete 
envelope  (ogee  weir) 

Length  - 402  feet 
Height  - 25  feet 

Top  Width  - 11.5  feet  (sluice  gate  operating  platform) 
Side  Slopes  - Upstream  - Variable  (maximum  three 
horizontal  to  one  vertical  [3:1]) 
Downstream  - 0.87:1 

Impervious  Core  - Hydraulically  placed  clay  fill  with 

downstream  envelope  of  reinforced 
concrete 

Cutoff  - Steel  sheet  piling  at  upstream  edge  of  pile 
foundation  for  weir  section,  wood  sheet 
piling  for  original  earth  and  timber  crib 
dam  (cofferdam  at  upstream  toe  of  hydraulic 
earthfill  weir  section),  concrete  cutoff 
for  sluice  gate  section. 

Diversion  and  Regulating  Tunnel  - None 

Spillway  - 

Type  - Ogee  weir  (reinforced  concrete  envelope  over 
earth  embankment ) 

Length  of  Weir  - 331  feet 

Crest  Elevation  - 23.16  feet  (M.S.L.) 

Gates  - None 

Downstream  Channel  - Concrete  apron  extends  45  feet 

downstream  from  spillway  toe  in 
Hackensack  River  channel. 

Regulating  Outlets  - Seven  electrically  operated 
sluice  gates,  each  seven  by  nine  feet  in  size. 


NAME  OF  DAM:  ORADELL  DAM 


7 


1 


SECTION  2 - ENGINEERING  DATA 


2.1  DESIGN 

Design  data  reviewed  included  the  following: 

1 ) Reference  Drawings : 

a)  "Proposed  Oradell  Dam  for  Hackensack  Water 
Co.,"  prepared  by  N.S.  Hill,  Jr.,  Consulting 
Engineer,  New  York,  New  York,  1911-1923 
(numerous  sheets,  some  of  which  are  included 
as  Plates  1 through  7 of  this  report) 

b)  "Modifications  to  Oradell  Dam  - Plan,  Section 
and  Details,"  Drawing  No.  400.1-16  prepared 

by  Buck,  Seifert  and  Jost,  Consulting  Engineers, 
Englewood  Cliffs,  New  Jersey,  January  1965 
(included  as  Plate  8 of  this  report) 

2)  Hill,  N.S.,  Jr.,  "The  Oradell  Dam  of  the  Hackensack 
Water  Company,"  Transactions , American  Society  of 
Civil  Engineers  (A.S.C.E.),  Vol.  89,  1926,  pp. 

1181-1202;  Discussions,  pp.  1203-1212.  (Plates  1, 

2,  3 and  4 of  this  report  are  Figures  2,  3,  6 and 
1,  respectively,  of  the  A.S.C.E.  paper.) 

3)  Correspondence,  memoranda,  reports,  photographs, 
calculations,  and  other  documents  in  the  microfiche 
files  of  the  New  Jersey  Department  of  Environmental 
Protection  (N. J.D.E.P. ) . Of  particular  importance 
are: 

a)  "Report  on  Oradell  Dam,"  by  New  Jersey  Department 
of  Conservation  and  Development  Board  of 
Consultants  (W.H.  Burr,  H.T.  Critchlow,  and 

A.H.  Pratt)  1 December  1921,  6 pp.  plus 
appendices . 

b)  "Annual  Report  - Oradell  Dam,"  by  G.M.  Haskew, 

Jr.,  Hackensack  Water  Company,  22  April  1968,  2 pp. 

4)  Information  furnished  by  J.J.  Cannizzo,  Director 
of  Engineering  Design  and  Construction,  Hackensack 
Water  Company,  with  his  letters  of  9 and  23  June 
1978  to  C.Y.  Chen,  Michael  Baker,  Jr.,  Inc. 

5)  Information  furnished  by  representatives  of  the 
Hackensack  Water  Company  in  interviews  during  the 
field  inspection  on  12  June  1978  and  in  subsequent 
telephone  conversations. 
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2.2  CONSTRUCTION 

Site  work  for  Oradell  Dam  began  in  1911  and  the  dam  was 
constructed  from  1920  to  1922.  The  only  readily  available 
source  of  construction  information  is  Hill's  1926 
A.S.C.E.  paper  referenced  above.  Microfiche  files  of 
the  N. J.D.E.P.  contain  limited  additional  construction 
information.  The  concrete  weir  section  was  resurfaced 
in  1965  (see  Plate  8). 

2.3  OPERATION 

Information  on  the  operation  of  Oradell  Dam  was  obtained 
from  the  Hackensack  Water  Company  during  interviews  at 
the  time  of  inspection  and  in  related  correspondence 
and  telephone  conversations  as  noted  in  paragraph  2 . 1 
above.  This  operational  information  was  presented 
previously  in  paragraph  1.2.h. 

2.4  EVALUATION 

Engineering  data  obtained  and  reviewed  are  considered 
sufficient  for  purposes  of  this  Phase  I Inspection 
Report. 
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SECTION  3 - VISUAL  INSPECTION 


3.1  FINDINGS 

a.  General  - The  dam  and  its  appurtenant  structures 
were  found  to  be  in  good  overall  condition  at  the 
time  of  inspection.  The  problems  noted  during  the 
visual  inspection  are  considered  minor  and  do  not 
require  immediate  remedial  treatment.  Noteworthy 
deficiencies  observed  are  described  briefly  in  the 
following  paragraphs.  The  complete  visual  inspection 
check  list  is  given  in  Appendix  A. 

b.  Dam  - The  dam  itself  is  in  good  condition.  It  was 
brought  to  the  attention  of  Michael  Baker,  Jr., 

Inc.  that  the  downstream  face  of  the  dam  had  grout 
pumped  into  it  in  1965  and  was  then  covered  with 
an  eight  inch  reinforced  concrete  surfacing. 

There  is  a hairline  crack  at  the  front  face  and 
crest  interface  of  the  weir.  This  crack  extends 
for  the  entire  length  of  the  spillway  section. 

The  crack  is  superficial  in  nature  and  is,  in  all 
likelihood,  due  to  tensile  stress  along  this 
interface . 

A spalled  area  approximately  one  square  foot  in 
area  was  observed  at  the  midpoint  of  the  dam  three 
feet  below  the  weir  crest  on  the  downstream  side. 

At  the  expansion  joints  at  either  end  of  the 
spillway,  the  neoprene  sealant  has  deteriorated 
completely  and  is  no  longer  functioning.  Seepage 
is  present  at  the  right  expansion  joint. 

There  is  a small  amount  of  seepage  from  longitudinal 
construction  joints  as  is  evidenced  by  calcite 
stains  on  the  concrete  adjacent  to  the  joints.  No 
moisture  was  observed  at  the  time  of  inspection. 

There  is  moisture  present  in  the  vertical  "V"- 
notches  on  the  downstream  face  of  the  concrete 
spillway.  This  condition  may  be  due  to  a small 
amount  of  overflow  or  due  to  seepage.  It  is 
recommended  that  this  condition  be  continuously 
observed  to  determine  the  source  of  the  moisture 
and  to  insure  against  a further  deteriorated 
condition. 

c.  Appurtenant  Structures  - Gates  1 and  2 were  inoper- 
able at  the  time  of  inspection.  (Note:  Gates  are 
numbered  consecutively  from  the  right  to  the  left 
side  of  the  sluice  gate  section. ) The  Hackensack 
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Water  Company  is  planning  to  repair  these  gates  as 
soon  as  practicable. 

The  downstream  portion  of  the  left  abutment  retaining 
wall  has  two  vertical  expansion  joints  that  have 
spalled  badly  and  the  sealant  material  has  also 
deteriorated.  At  one  time,  the  joints  had  been 
regrouted  but  the  grout  has  since  deteriorated. 

The  downstream  end  of  the  wall  has  spalled  badly 
for  two  feet  in  length,  three  to  four  feet  above 
the  waterline. 

The  downstream  portion  of  the  right  abutment 
retaining  wall  is  in  about  the  same  condition  as 
the  left  wall.  There  are  spalled  conditions 
approximately  one  foot  wide  adjacent  to  each  of 
four  expansion  joints.  The  base  of  the  wall  is 
badly  spalled  at  water  level.  This  condition  was 
in  all  likelihood  brought  about  by  the  larger 
volume  and  higher  velocity  of  water  that  passes 
through  the  sluice  gates  adjacent  to  the  retaining 
wall.  Downstream  from  the  sluice  gates,  there  is 
a one-fourth  to  one-half  inch  hole  at  approximately 
the  midpoint  of  the  wall  that  has  a constant  flow 
of  water  (estimated  one  to  two  G.P.M.)  spouting 
out.  This  condition  may  be  due  to  normal  groundwater 
flow  from  higher  ground  along  the  right  bank  or  it 
may  be  due  to  seepage  through  the  right  abutment. 

This  condition  had  been  present  for  some  time  as 
there  is  evidence  of  spalling  below  the  spout. 

The  source  of  this  water  flow  should  be  investigated. 
As  far  as  corrective  measures  are  concerned,  if 
the  source  is  such  that  no  major  problem  is  raised, 
the  hole  may  be  left  to  serve  as  a weep  hole. 

The  gate  walls  downstream  of  and  adjacent  to  the 
sluice  gates  are  in  fair  condition  with  some 
spalling  at  the  toe  due  to  high  outlet  velocities 
from  the  sluice  gates.  This  condition  is  confined 
mainly  to  the  gate  walls  adjacent  to  sluice  gates 
3 and  4 which  are  used  more  frequently  than  the 
remaining  gates . 

The  headwalls  above  gates  3,  4,  5 and  7 are  slightly 
spalled  over  an  area  seven  feet  long  by  two  feet 
wide. 

The  sluice  gate  outlet  slab  is  in  fairly  bad 
condition.  It  is  spalled  badly  at  many  places 
which  Michael  Baker,  Jr.,  Inc.  has  been  informed 
is  due  to  ice  action. 

d.  Reservoir  Area  - No  problems  observed. 
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Downstream  Channel  - Minor  sedimentation  and 
aquatic  vegetation  extend  along  the  left  bank  in  a 
slack  water  area  extending  approximately  100  feet 
downstream  from  the  dam. 


Localized  areas  of  riprap  failure  and  bank  erosion 
occur  along  the  left  bank  from  the  dam  to  the 
"point”  about  400  feet  downstream  from  the  dam  and 
around  this  "point"  to  the  Oradell  Avenue  Bridge 
situated  800  feet  downstream  from  the  dam.  Other 
localized  areas  of  riprap  failure  and  bank  erosion 
occur  along  the  right  bank  from  the  dam  to  the 
Oradell  Avenue  Bridge. 

The  main  hydraulic  constraint  in  the  downstream 
channel  is  the  Oradell  Avenue  Bridge.  The  bridge 
has  a clear  opening  approximately  90 . 0 feet  wide 
by  5.5  feet  high  and  there  is  evidence  of  scour  on 
both  sides  of  the  channel  approaching  the  bridge. 

3.2  EVALUATION 

a.  Dam  - The  small  hairline  crack  that  extends  across 
the  crest  of  the  concrete  spillway  should  be 
observed  periodically  to  insure  that  this  condition 
does  not  worsen. 

The  one  square  foot  spalled  area  on  the  front  face 
of  the  dam  should  be  patched. 

The  expansion  joints  at  both  ends  of  the  spillway 
should  be  resealed. 

Maintain  observation  of  the  moisture  that  is 
present  on  the  front  face  of  the  dam  at  the  "V"- 
notches  and  the  longitudinal  construction  joints 
to  determine  whether  this  condition  worsens . 

b.  Appurtenance  Structures  - All  expansion  joints  on 
the  left  and  right  retaining  walls  should  be 
cleaned  out  and  repaired,  and  the  sealant  should 
be  replaced. 

Patch  all  spalled  areas.  (Note:  All  concrete 
repair  work  is  strictly  cosmetic  in  nature.  There 
is  no  evidence  of  any  concrete  that  has  deteriorated 
to  the  point  that  structural  integrity  is  affected. ) 

The  seepage  through  the  small  hole  in  the  right 
abutment  retaining  wall  should  be  investigated  in 
more  detail . 

Repair  gates  1 and  2 as  they  were  inoperable  at 
the  time  of  inspection. 
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Reservoir  Area  - No  problems  observed. 

Downstream  Channel  - Sediment  and  vegetation  in 
the  slack  water  area  immediately  downstream  from 
the  left  end  of  the  weir  section  is  inconsequential 
and  will  be  scoured  away  during  the  next  period  of 
flood  flow. 

Localized  areas  of  riprap  failure  and  bank  erosion 
along  both  banks  from  the  dam  to  the  Oradell 
Avenue  Bridge  present  only  minor  environmental 
problems . These  areas  should  be  repaired  during 
normal  maintenance  operations  using  riprap  stone 
of  appropriate  sizes  and  durability.  Graded 

granular  soil  may  be  necessary  beneath 
the  riprap  in  certain  locations,  e.g.,  left  bank 
"point"  400  feet  downstream  from  dam,  to  prevent 
fine  glaciofluvial  soils  from  washing  out  from 
under  the  riprap. 


SECTION  4 - OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 


General  operational  procedures  are  discussed  in  para- 
graph 1.2.h. 

There  is  no  formal  written  procedure  for  emergency 
operation  of  the  dam  and  reservoir  or  for  downstream 
evacuation  in  the  event  of  impending  catastrophe.  As 
noted  in  paragraph  1.2.h.,  operations  personnel  visit 
the  dam  at  two  hour  intervals  under  normal  conditions 
and  at  one  hour  intervals  when  rainfall  exceeds  one- 
half  inch.  When  necessary,  operations  personnel  visit 
the  dam  more  frequently  or  remain  at  the  dam  to  adjust 
the  sluice  gates. 

Water  levels  and  discharges  at  dams  upstream  and  down- 
stream from  Oradell  Dam  are  carefully  monitored  in 
order  to  establish  discharges  from  Oradell  Reservoir. 
U.S.  Geological  Survey  (U.S.G.S.)  stream  and  rain  gages 
located  0.6  mile  downstream  from  Oradell  Dam  are  also 
monitored  in  this  regard.  Operations  personnel  receive 
gate  setting  instructions  by  two-way  radios  in  their 
vehicles.  In  addition  to  these  radios,  personnel  also 
have  good  access  to  telephone  communications  in  case  of 
emergency . 

It  is  recommended  that  a formal  emergency  procedure  be 
prepared  and  prominently  displayed  and  furnished  to  all 
operating  personnel.  This  should  include: 

1)  How  to  operate  the  dam  during  an  emergency. 

2)  Who  to  notify,  including  public  officials,  in 
case  evacuation  from  the  downstream  area  is 
necessary. 

3 ) Procedures  for  evaluating  inflow  during 
periods  of  emergency  operation. 

4)  Methods  of  removal  of  flow  regulating  devices 
to  allow  rapid  drawdown  of  the  lake  under 
emergency  conditions. 

In  addition,  the  owner  should  assist  public  officials 
in  developing  an  emergency  evacuation  plan  for  areas 
which  will  be  inundated  by  a flood  or  affected  in  the 
event  of  a dam  failure. 
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MAINTENANCE  OF  DAM 


The  dam  is  well  maintained  by  the  Hackensack  Water 
Company.  Formal,  and  informal  inspections  of  the  dam 
are  made  periodically.  Maintenance  is  performed  as 
required. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 

Refer  to  paragraph  4.2  above.  The  Hackensack  Water 
Company  is  presently  planning  to  repair  sluice  gates  1 
and  2,  which  were  inoperable  at  the  time  of  inspection. 

4.4  WARNING  SYSTEMS 

A regular  inspection  occurs  every  two  hours  and  if 
rainfall  exceeds  one-half  inch  this  inspection  interval 
becomes  hourly.  Rain  and  streamflow  gages  within  the 
watershed  are  observed,  and  this  information  is  relayed 
to  the  central  office.  The  information  along  with 
adjacent  reservoir  levels  is  evaluated  and  the  appropriate 
discharge  is  released  through  die  gates. 

There  are  no  special  emergency  procedures  in  the  event 
of  failure.  However,  the  Civil  Defense  unit  and  govern- 
ment officials  would  be  notified.  An  emergency  warning 
procedure  should  be  developed  as  recommended  above  in 
paragraph  4.1. 

4.5  EVALUATION 

The  operating  procedures  are  adequate  for  their  intended 
purposes.  Records  are  kept  on  a daily  basis  of  gate 
operations  and  water  levels  in  the  reservoir.  A formal 
emergency  procedure  should  be  developed,  however,  as 
noted  in  paragraph  4.1  above. 
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SECTION  5 - HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data  - Hydrologic  and  hydraulic  design  data 
in  the  microfiche  files  of  the  N.J.D.E.P.  were 
reviewed  along  with  data  included  in  Hill's  1926 
A.S.C.E.  paper. 

The  July  1978  "Report  on  the  Investigation  of 
Safety  of  Oradell  Dam"  by  Buck,  Seifert,  and  Jost, 
Inc.,  Consulting  Engineers  was  also  reviewed  and 
is  attached  in  Appendix  C. 

b.  Experience  Data  - Operational  data  furnished  by 
the  Hackensack  Water  Company  were  reviewed. 

c.  Visual  Observations  - No  evidence  of  past  flood 
damage  to  the  dam  or  appurtenant  structures  was 
observed  during  the  field  inspection. 

d.  Overtopping  Potential  - The  Oradell  Dam  is  classified 
as  a "High"  hazard-" Intermediate"  size  dam  requiring 
evaluation  for  a spillway  design  flood  equal  to 

the  Probable  Maximum  Flood  (P.M.F.).  The  spillway 
is  a 331  feet  long  concrete  ogee  with  a crest 
El.  23.16  feet  M.S.L.  Top  of  dam  is  El.  25.6  feet 
M.S.L.  The  spillway  rating  curve  developed  in  the 
safety  investigation  report  (Appendix  C)  showns 
the  maximum  discharge  at  top  of  dam  El.  25.6  feet 
M.S.L.  to  be  approximately  13,000  c.f.s. 

The  hydrologic  analysis  (Appendix  C)  of  Oradell 
Dam  was  completed  by  the  owner's  consultant.  The 
analysis  indicates  that  the  peak  inflow  discharge 
for  the  P.M.F.  would  be  approximately  49,500  c.f.s. 
Using  flood  routing  methods,  the  P.M.F.  was  routed 
through  the  reservoir  and  dam,  and  was  found  to 
overtop  the  dam  by  approximately  3.1  feet,  cresting 
at  El.  28.70  feet  M.S.L.  with  a peak  outflow  of 
35,750  c.f.s.  The  spillway,  therefore,  can  only 
pass  approximately  36  percent  of  the  P.M.F.  Con- 
sequently, according  to  the  criteria  specified  in 
"Recommended  Guidelines  for  Safety  Inspections  of 
Dams"  and  the  analysis  in  Appe idix  C,  the  spillway  is 
considered  to  be  inadequate. 

e.  Emergency  Drawdown  of  Lake  - The  outlet  works  of 
Oradell  Reservoir  consist  of  seven  7.0  feet  by 
9.0  feet  sluice  gates  used  to  release  water  as 
required  for  the  intake  system  of  the  Hackensack 
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Water  Company,  located  approximately  0.6  mile 
downstream.  The  gates  can  be  opened  for  emergency 
drawdown.  According  to  the  information  available 
in  the  microfiche  files  of  the  N.J.D.E.P.,  at  the 
spillway  El.  23.16  M.S.L.,  the  seven  gates  have  a 
design  capacity  of  approximately  6956  c.f.s. 
Neglecting  inflow  rate  and  variable  head,  the  lake 
could  be  drained  in  less  than  one  day  with  all 
seven  gates  open.  It  would  take  about  one  day 
under  the  above  conditions  with  the  five  gates 
currently  in  operation. 
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SECTION  6 - STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations  - No  structural  inadequacies 
were  noted  during  the  visual  inspection  of  the 
dam. 

b.  Design  and  Construction  Data  - Readily  available 
information  on  design  and  construction  of  Oradell 
Dam  was  reviewed.  The  most  significant  information 
sources  were  Hill's  1926  A.S.C.E.  paper  and  the 
1921  Board  of  Consultants  report,  both  of  which 
were  referenced  in  paragraph  2.1  of  this  report. 

The  Board  of  Consultants  established  by  the  New 
Jersey  Department  of  Conservation  and  Development 
in  1921  consisted  of  three  eminent  dam  engineers 

of  that  era:  W.H.  Burr,  H.T.  Critchlow,  and  A.H. 
Pratt.  These  engineers  reviewed  design  information 
and  construction  progress  through  November  1921 
and  presented  the  following  opinion  on  page  6 of 
their  report  of  1 December  1921: 

"With  the  provision  for  satisfactory 
operating  conditions  of  the  gates  and 
the  additional  protection  against 
scour  at  the  downstream  side  of  the 
dam,  it  is  our  judgement  that  the  plans 
of  the  dam  are  in  accordance  with  good 
engineering  practice  and  the  construction 
work  appears  to  have  been  do<:e  in  such  a 
manner  as  to  secure  a safe  and  stable 
structure. " 

(Downstream  scour  protection  recommended  by  the 
Board  of  Consultants  was  subsequently  added;  see 
Plates  1,  3,  6 and  7 of  this  report.) 

It  is  obvious  from  the  description  in  paragraph  1.2. a. 
of  this  report  that  Oradell  Dam  is  a unique 
structure  for  which  the  stability  requirements  of 
the  "Recommended  Guidelines  for  Safety  Inspection 
of  Dams"  are  not  applicable.  Structural  stability 
of  Oradell  Dam  must  be  considered  within  the 
historical  context  of  the  period  of  its  design  and 
construction  when  dam  building  was  more  of  an  art 
than  a science.  In  this  regard,  the  above-quoted 
opinion  from  the  1921  Board  of  Consultants  report 
must  be  accepted  as  verification  of  structural 
stability  at  the  time  of  dam  design  and  construction. 
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The  structural  stability  of  Oradell  Dam  has  been 
evaluated  by  Buck,  Siefert,  and  Jost,  Inc.,  Consulting 
Engineers  of  Englewood  Cliffs,  New  Jersey  for  the 
owner,  the  Hackensack  Water  Company.  A report 
entitled  "Investigation  of  Safety  of  Woodcliff 
Lake,  Oradell,  and  Lake  Tappan  Dams  of  Hackensack 
Water  Company  and  Lake  De  Forest  Dam  of  Spring 
Valley  Water  Company, " dated  July  1978  was  submitted 
to  the  Hackensack  Water  Company  by  Buck,  Siefert, 
and  Jost,  Inc.  Portions  of  this  report  pertaining 
to  Oradell  Dam  was  photocopied  and  forwarded  in 
August  1978  to  Michael  Baker,  Jr.,  Inc.,  by  the 
Hackensack  Water  Company.  These  pertinent  sections 
of  the  consultant's  report  are  included  in  this 
Phase  I Inspection  Report  as  Appendix  C.  The 
consultant  evaluated  the  structural  stability  of 
the  spillway  section  and  the  sluice  gate  section 
using  methods  similar  to  those  presented  in 
EM  1110-2-2200,  "Gravity  Dam  Design,"  by  the  U.S. 

Army  Corps  of  Engineers.  The  loads  considered  in 
the  analysis  of  the  spillway  section  included  the 
weight  of  the  structure,  water  load  under  peak 
outflow  conditions,  tailwater,  uplift,  and  earth 
pressure  of  the  internal  earth  filling.  Material 
properties  used  in  the  analysis  included  150 
p.c.f.  for  the  unit  weight  of  concrete;  100  p.c.f. 
dry  unit  weight,  63  p.c.f.  submerged  unit  weight, 
and  the  angle  of  internal  friction  equal  to  30 
degrees  for  the  earth  filling.  A similar  loading 
was  used  for  the  sluice  gate  section  stability 
analysis  except  the  passive  resistance  of  the 
earth  filling  adjacent  to  the  concrete  support 
piers  was  also  considered.  The  consultant  summarized 
the  stability  analyses  in  the  text  of  the  report 
as  follows. 

"Stability  of  the  spillway  section  is 
excellent  as  the  resultant  falls  within 
the  middle  third  of  the  base.  Sliding 
resistance  is  ample  without  the  shear 
resistance  of  the  piling.  Stresses  are 
low  and  are  positive,  with  the  load  on 
the  foundation  assumed  to  be  carried 
entirely  by  the  piers.  Sliding  resistance 
of  the  sluiceway  is  satisfactory  when 
passive  resistance  of  the  backfill  is 
taken  into  account.  Stresses  are  low. 

A small  amount  of  tension  exists  on  the 
highest  pier.  However,  this  pier  adjoins 
the  spillway  section  which  has  piling. 

The  resultant  falls  slightly  in  the  down- 
stream third  of  the  base  which  indicates 
a small  amount  of  tension  but  not  over- 
turning. The  position  of  the  resultant 
is  more  favorable  as  the  piers  reduce  in 
height. " 
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The  analysis  performed  by  the  owner's  consultant 
indicates  the  stability  of  the  spillway  and  sluice 
gate  sections  are  adequate.  This  conclusion  is 
supported  by  the  long  history  of  successful  behavior 
of  the  dam,  the  low  hydraulic  head  on  the  dam,  the 
fact  that  no  structural  inadequacies  were  noted 
during  the  visual  inspection  by  Michael  Baker, 

Jr.,  Inc.,  and  the  high  level  of  operation  and 
maintenance  attention  focused  on  the  dam  by  the 
Hackensack  Water  Company.  However,  it  must  be 
indicated  that  the  hydraulic/hydrologic  analysis 
determined  that  the  dam,  abutments  and  surrounding 
areas  will  be  flooded  (overtopped)  by  approximately 
three  feet  of  water  under  P.M.F.  conditions.  It 
is  recommended,  therefore,  that  the  abutment  and 
adjacent  areas  of  the  dam  be  evaluated  for  stability 
and  erodability  under  the  P.M.F.  conditions. 

c.  Operating  Records  - Nothing  in  the  readily  available 
operating  records  suggests  structural  inadequacy 

of  the  dam. 

d.  Post-Construction  Changes  - The  only  post-construction 
change  of  structural  significance  was  resurfacing 

of  the  concrete  weir  envelope  in  1965  (see  Plate 
8).  This  resurfacing  improved  structural  stability 
of  the  dam  by  an  indeterminate  amount. 

e.  Seismic  Stability  - Oradell  Dam  is  located  in 
Seismic  Zone  1 according  to  the  "Seismic  Zone  Map 
of  the  Contiguous  United  States"  Figure  1,  p.  D-30, 
"Recommended  Guidelines  for  Safety  Inspection  of 
Dams."  This  is  a zone  of  low  seismic  activity. 
Experience  indicates  that  dams  in  Seismic  Zone  1 
will  have  adequate  stability  under  seismic  loading 
conditions  if  they  have  adequate  stability  under 
static  loading  conditions . As  indicated  in  paragraph 
6.1.b.  above,  Oradell  Dam  is  considered  to  have 
adequate  static  stability,  so  further  consideration 
of  seismic  stability  is  not  warranted  for  this 
Phase  I Inspection  Report. 
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SECTION  7 - ASSESSMENT,  RECOMMENDATIONS/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Safety  - There  are  no  findings,  as  a result  of 
this  Phase  I Inspection,  from  which  a detrimental 
assessment  of  the  structural  stability  of  the  dam 
can  be  rendered.  The  spillway  capacity  was  analyzed 
by  a consulting  engineering  firm  retained  by  the 
owner.  This  analysis  and  the  structural  stability 
assessment  by  the  same  consulting  firm  has  been 
presented  as  Appendix  C of  this  report.  The 
results  of  this  analysis  indicate  that  the  dam 

will  be  overtopped  by  approximately  three  feet  of 
water  under  P.M.F.  conditions. 

b.  Adequacy  of  Information  - The  information  available 
and  the  visual  observations  made  during  the  field 
inspection  are  considered  sufficient  for  this 
Phase  I Inspection  Report. 

c.  Urgency  - Repairs  and  remedial  work  recommended  in 
Section  3 and  4,  and  paragraph  7.2,  below,  should 
be  accomplished  soon  to  prevent  further  deteriora- 
tion. 

d.  Necessity  for  Further  Investigation  - The  visual 
inspection  of  the  dam  and  review  of  information 
available  has  indicated  the  need  for  additional 
investigation  of  certain  items.  These  are: 

1)  A further  detailed  hydraulic  and  hydrologic 
study  should  be  completed  to  more  accurately 
assess  the  spillway  capacity  under 

P.M.F.  conditions. 

2 ) After  completion  of  the  detailed  hydraulic/ 
hydrologic  study,  an  assessment  of  the 
stability  and  erodability  of  the  abutment 
and  adjacent  areas  of  the  dam  should  be 
performed. 

3)  The  seepage  through  the  small  hole  in 
the  right  abutment  retaining  wall  should 
be  investigated  in  more  detail. 

7.2  RECOMMENDATIONS /REMEDIAL  MEASURES 


The  inspection  revealed  certain  items  of  rehabilitation 
or  other  work  which  should  be  accomplished  very  soon  by 
the  owner.  These  are: 


1)  Repair  of  sluice  gates  1 and  2 which  were 
inoperable  at  the  time  of  inspection.  (We 
understand  this  repair  work  will  be  done  as 
soon  as  practicable . 

2 ) A further  detailed  hydraulic  and  hydrologic 
study  should  be  completed  to  more  accurately 
assess  the  spillway  capacity  under  P.M.F. 
conditions . 

3)  After  completion  of  the  detailed  hydraulic/ 
hydrologic  study,  an  assessment  of  the  stability 
and  erodability  of  the  abutment  and  adjacent 
areas  of  the  dam  should  be  performed 

4)  Repair  of  areas  of  riprap  failure  and  bank 
erosion  on  both  sides  of  the  downstream 
channel  from  the  dam  to  the  Oradell  Avenue 
Bridge . 

5)  The  seepage  through  the  small  hole  in  the 
right  abutment  retaining  wall  should  be 
investigated  in  more  detail.  However,  this 
seep  hole  should  remain  open  to  allow  relief 
of  the  water  pressure  until  the  cause  of  the 
seepage  is  identified  and  remedial  measures 
implemented. 

6 ) Develop  emergency  operations  procedures  for 
the  dam  and  reservoir.  This  should  include: 

a)  How  to  operate  the  dam  during  an 
emergency . 

b)  Who  to  notify,  including  public 
officials,  in  case  evacuation  from 
the  downstream  area  is  necessary. 

c)  Procedures  for  evaluating  inflow 
during  periods  of  emergency  operation. 

d)  Methods  of  removal  of  flow  regulating 
devices  to  allow  rapid  drawdown  of 
the  lake  under  emergency  conditions. 

In  addition,  the  owner  should  assist  public  officials 
in  developing  an  emergency  evacuation  plan  for  areas 
which  will  be  inundated  by  a flood  or  affected  in  the 
event  of  a dam  failure. 

The  inspection  also  disclosed  several  other  items  which 
should  be  accomplished  soon  by  the  owner. 
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1)  The  sluice  gate  outlet  slab  is  spalled  at 
many  places  and  should  be  repaired. 


2 ) The  small  hairline  crack  that  extends  across 
the  crest  of  the  concrete  spillway  should  be 
observed  periodically  to  insure  that  this 
conditions  does  not  worsen. 

3 ) The  one  square  foot  spalled  area  on  the  front 
face  of  the  dam  should  be  patched. 

4)  The  expansion  joints  at  both  ends  of  the 
spillway  should  be  resealed. 

5)  Maintain  observation  of  the  moisture  that  is 
present  on  the  front  face  of  the  dam  at  the 
"V" -notches  and  the  longitudinal  construction 
joints  to  determine  whether  this  condition 
worsens . 

6)  All  expansion  joints  on  the  left  and  right 
retaining  walls  should  be  cleaned  out  and 
repaired,  and  the  sealant  should  be  replaced. 

In  the  future,  periodic  inspections  of  the  dam  should 
be  performed  with  particular  attention  directed  to: 

1)  Sluice  gate  operational  capability. 

2)  Concrete  deterioration. 

3)  Riprap  failure  and  bank  erosion  along  the 

downstream  channel. 
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DETAILED  PHOTOGRAPH  DESCRIPTIONS 


d 


Overview  Photo  - View  Upstream  (North)  at  Dam  From  Right  (West) 

Bank  - 12  June  1978 

Photo  1 - View  Upstream  at  Dam  From  Left  (East)  Bank  "Point" 
Approximately  400  Feet  Downstream  From  Left  (East) 

End  of  Dam;  Sluice  Gates  in  Upper  Left  Center  of 
Photo;  Bank  Erosion  Area  in  Lower  Left  Comer  of 
Photo  with  Three  Feet  by  Three  Feet  Rule  for  Schle  - 
12  June  1978 

Photo  2 - View  Downstream  (Southeast)  Over  Crest  of  Spillway 
Weir  From  Approximately  100  Feet  Upstream  of  Right 
(West)  Abutment;  Left  (East)  Abutment  at  Left  Edge 
of  Photo;  Sluice  Gates  at  Right  Edge  of  Photo  - 
12  June  1978 

Photo  3 - View  East  Across  Downstream  Face  of  Dam  From  Right 
(West)  Abutment;  Sluice  Gates  at  Left  Side  of  Photo; 
Spillway  in  Left  Center;  Left  (East)  Abutment  Wing  Wall 
in  Top  Left  Center  (Close-up  in  Photo  4)  - 12  June  1978 

Photo  4 - Close-up  of  Left  (East)  Abutment  Wing  Wall  (Photo  3) 

Showing  Cracked  and  Spalled  Concrete  and  Open  Vertical 
Joint;  Three  Feet  by  Three  Feet  Rule  for  Scale  - 
12  June  1978 

Photo  5 - View  West  Across  Downstream  Face  of  Dam  From  Left 
(East)  Abutment;  Sluice  Gates  and  Right  (West) 

Abutment  Wing  Wall  (Close-up  in  Photo  6)  in  Top 
Left  Corner  of  Photo  - 12  June  1978 

Photo  6 - Close-up  of  Right  (West)  Abutment  Wing  Wall  (Photo  5) 
From  Training  Wall  Between  Sluice  Gate  and  Spillway 
Sections  (Photo  3 ) - 12  June  1978 

Photo  7 - View  Downstream  (Southeast)  at  Sluice  Gate  Section 
From  Right  (West)  Abutment;  Spillway  at  Left  Edge 
of  Photo  - 12  June  1978 

Photo  8 - View  Upstream  (Northwest)  at  Sluice  Gate  Section 
From  Downstream  End  Training  Wall  Between  Sluice 
Gate  and  Spillway  Sections  (Photo  3);  Spillway  at 
Right  Edge  of  Photo  - 12  June  1978 
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ORADELL  DAM 


Elevations 

RATES  OF  DISCHARGE  OVER  SPILLWAY 

are  referenced  to  M.S.L.  Datum; 

SECTION 

flows  are  In 

M.G.D. 

Elevatl on 

Flow 

Elevation 

Flow 

Elevation 

How 

Elevation 

How 

23.16 

0 

23.31 

41.3 

23.46 

116.9 

23.61 

214.8 

23.17 

0.7 

23.32 

45.5 

23.47 

122.8 

23.62 

222.0 

23.18 

2.0 

23.33 

49.9 

23.48 

128.8 

23.63 

229.3 

23.19 

3.7 

23.34 

54.4 

23.49 

134.9 

23.64 

236.6 

23.20 

5.7 

23.35 

58.9 

23.50 

141.1 

23.65 

244.7 

23.21 

8.0 

23.36 

63.6 

23.51 

147.4 

23.66 

251.6 

23.22 

10.5 

23.37 

68.4 

23.52 

153.7 

23.67 

259.2 

23.23 

13.2 

23.38 

73.4 

23.53 

160.2 

23.68 

266.8 

23.24 

16.1 

23.39 

78.5 

23.54 

166.7 

23.69 

274.9 

23.25 

19.1 

23.40 

83.7 

23.55 

173.3 

23.70 

282.4 

23.26 

22.5 

23.41 

85.9 

23.56 

180.0 

23.71 

290.3 

23.27 

26.0 

23.42 

94.4 

23.57 

186.8 

23.72 

298.2 

23.28 

29.6 

23.43 

99.8 

23.58 

193.7 

23.73 

306.8 

23.29 

33.4 

23.44 

105.5 

23.59 

200.7 

23.74 

314.3 

23.30 

37.3 

23.45 

111.2 

23.60 

207.7 

23.75 

321.9 

Note:  This  sheet  was  Included  by  J.  J.  Cannlzzo  of  Hackensack  Water  Company  In  his  letter 
of  9 June  1978  to  C.  Y.  Chen  of  Michael  Baker,  Jr.,  Inc. 


CHECK  LIST 

HYDROLOGIC  AMD  HYDRAULIC  DATA 
ENGINEERING  DATA 


DRAINAGE  AREA  CHARACTERISTICS:  ^2  square  miles  of  relatively  flat  terrain 


ELEVATION  TOP  NORMAL  POOL  (STORAGE  CAPACITY) : 


23.16  (10,026  acre-feet) 


ELEVATION  TOP  FLOOD  CONTROL  POOL  (STORAGE  CAPACITY)  : Not  Applicable 

ELEVATION  MAXIMUM  DESIGN  POOL:  23.6  (original  design) 

ELEVATION  TOP  DAM:  25.6  - top  of  sluice  gate  operating  platform 

CREST:  - . 

23.16  - crest  of  spillway  weir  since  1965; 

a.  Elevation  ("as  bunt"  crest  elevation) 

b.  Type  Earth  fill  embankment  Hth  concrete  envelope— ogee  weir. 
e.  Width  Rounded  crest  on  spillway  weir  (see  drawings). 

d.  Length  462  feet  (Includes  331  feet  spillway  weir). 

e.  Location  Spillover  Across  river  channel 

£.  Number  and  Type  of  Gates  Ungated  spillway;  sluice  gates  dlscussec 

below. 

OUTLET  WORKS: 


a.  Type  seven  sluice  gates,  each  7.0  by  9.0  feet. 

b.  Location  Right  (west)  end  of  dam. 

c.  Entrance  inverts  El.  2.1  feet  (M.S.L.  datum) 

d.  Exit  inverts  El.  £.6  feet  (M. STL  datum) 

e.  Emergency  draindown  facilities  5luice  gates 

HYDROMETEOROLOGICAL  GAGES:  

a.  Type  Not  readily  available. 

b.  Location  0.6  miles  downstream  of  dam  at  water  co.  Intake  (New  Milford 

' Gaging  StatforTNo.  01378550). 

c.  Records  QbtalnerbvHackensTck  Water  Co" and  reported  to~C1.5TS'/S .^Trenton. 

New  Jersey 

MAXIMUM  NON-DAMAGING  DISCHARGE  Not  Available 


Oradell  Reservoir 


APPENDIX  C 


"INVESTIGATION  OF  SAFETY  OF  WOODCLIFF  LAKE, 
ORADELL,  AND  LAKE  TAPPAN  DAMS  OF  HACKENSACK 
WATER  COMPANY  AND  LAKE  DE  FOREST  DAM  OF 
SPRING  VALLEY  WATER  COMPANY" 

DATED  JULY,  1978 

BY 

Buck,  Seifert,  and  Jost,  Inc. 
Consulting  Engineers 
Englewood  Cliffs,  New  Jersey 

Prepared  For 

Hackensack  Water  Company 
4100  Park  Avenue 
Weehawken,  New  Jersey  07087 


Note:  Portions  of  the  above  report  pertaining  to  Oradell 
Dam  were  photocopied  by  the  Hackensack  Water  Comany 
and  forwarded  to  Michael  Baker,  Jr.,  Inc.,  in 
August  1978  in  cooperation  with  the  Phase  I Inspection 
of  Oradell  Dam. 


INVESTIGATION 

at 

SAFETY 

of 

WOODCLIFF  LAKE,  QRADELL,  AND  LAKE  TAPPAN  DAMS 

of 

HACKENSACK  WATER  COMPANY 
and 

LAKE  DE  FOREST  DAM 

% 

of 

SPRING  VALLEY  WATER  COMPANY 


BUCK,  SEIFERT  AND  JOST,  INC 

• 

Consulting  Engineers 

. Englewood  Cliffs,  New  Jersey 

« 

JULY  1973 
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Lake  De  Forest  Dam 


This  dam  is  conservatively  designed  and  is  in  excellent  shape, 
a.  A "V"  notch  weir  should  be  installed  in  place  of  the  rectangular  weir  at 
the  concrete  dam  drain,  measured  monthly, 
b*  Two  piezometers  should  be  installed  in  the  downstream  slope  of  "full" 
esrthfill  dam  section  to  measure  phreatic  (seepage)  line,  if  any, 
monthly.  ■ 

All  of  the  foregoing  are  discussed  in  detail  in  the  report. 

It  is  possible  that  the  probable  maximum  flood  will  never  occur,  but  these 
dams,  with  the  recommended  changes  and  repairs,  will  fully  provide  full  safety 
against  such  a happening. 


” ' REPORT 

Purpose 

i 

The  purpose  of  this  report  is  to  analyze  and  examine  in  detail  the  Wocdcliff 
Lake,  Oradell,  Lake  Tappan,  and  Lake  DeForest  dams  on  the  Hackensack  River  as 
to  their  safety  .under  all  conditions  and  to  determine  their  possible  defects,  if  any, 
and  to  recommend  remedial  changes  and  repairs  as  may  be  required.  Locations  of 
the  dams  are  shown  on  the  accompanying  map,  page  4. 

Source  of  information 

Basic  data  used  in  this  report  were  obtained  from  construction  drawings, 
reports,  files,  ASCE  papers,  USGS  maps,  road  maps,  geological  folios  and  reports, 
hydrological  and  meterological  data,  seismological  reports,  and  climatological 
reports  supplemented  by  visual  inspections  of  the  structures  and  watersheds.  Since 
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some  of  these  projects  were  constructed  early  in  this  century,  accurate  data  in 
some  instances  were  scanty  or  difficult  to  obtain. 

Hazardous  aspect 

The  spillway  of  a storage  dam  must  have  a capability  of  passing  a probable 
maximum  flood  without  endangering  the  safety  of  the  dam  structure.  The 
magnitude  of  the  reservoir  inflow  flood  to  be  used  as  a basis  of  design  is  related  to 
the  hazard  potential  and  size  of  the  dam  and  reservoir.  In  general,  any  dam  located 
in  an  urban  or  built-up  area  is  considered  to  be  a high-hazard  structure.  Wooddiff 
Lake  Dam,  Oradeil  Dam,  Lake  Tappan  Dam  and  Lake  DeForest  Dam  are  in  this 
category.  Although  low  Ln  height  above  stream  bed,  the  volumes  of  stored  water 
impounded  by  these  dams  would  normally  classify  the  structures  as  of  intermediate 
size.  The  spillway  of  such  a structure  is  commonly  designed  to  safely  pass  the 
flood  which  would  be  generated  by  the  probable  maximum  precipitation  which  could 
occur  over  the  watershed  upstream  from  the  dam.  The  frequency  of  occurrence  of 
such  a flood  is  not  susceptible  of  determination. 

Method  of  dam  safety  analyses 

The  severe  analyses  for  dam  safety  employed  herein  are  in  five  steps,  i.e.: 

1.  Determine  the  probable  maximum  flood  hydrograph  which  could  result 
from  the  probable  maximum  rainfall.  This  is  the  flood  which  may  be 
expected  from  the  most  severe  combination  of  critical  meterologic 
and  hydrologic  conditions  that  are  reasonably  possible  in  the  region. 
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2.  Apply  the  hydrograph  of  the  maximum  flood  to  the  reservoir  being 
tested,  assuming  the  reservoir  is  full  normally  at  the  start  of  the  flood. 
Route  the  hydrograph  through  the  reservoir  taking  into  account  the 
surcharge  in  the  reservoir  caused  by  the  flood.  This  increase  in 
temporary  reservoir  storage  during  the  flood  hydrograph  is  automatic 
in  the  case  of  ungated  spillways  and  also  in  the  case  where  the  rated 
capacity  of  bascule  gates  is  exceeded.  This  temporary  storage  greatly 
reduces  the  outflow  peak.  There  are  many  ways  to  route  floods 
through  reservoirs  and  most  of  -them  are  cut  and  try  methods.  The 
Homer  method  used  in  this  report  does  not  require  cut-and-try  but 
does  require  preparation  of  tables  and  graphs.  Separate  studies 

«r 

indicate  that  in  the  case  of  Tappan  and  Oradell  reservoirs  the  outflows 
at  the  spillways  could  be  reduced  about  10%  if  the  surcharge  of  other 
upstream  reservoirs  was  taken  into  account.  This  further  passible 
advantage  of  the  surcharge  effects  of  reservoirs  upstream  is  not  taken 
into  account  because  this  small  advantage  could  possibly  be  offset  by 
other  factors  such  as  the  spillway  gates  of  such  dams  being  opened  at 
the  wrong  time  during  the  flood.  Thus  it  is  on  the  side  of  safety  to 
consider  each  reservoir  separately. 

Ordinarily  the  floods  of  New  Jersey  streams  are  low  in  terms  of  cfs/sq.mi. 

To  date  conditions  have  not  been  right  on  the  Hackensack  for  floods  to  approach 

the  probable  maximum  but  it  can  happen  - especially  at  some  time  possibly  even 

with  a lesser  rain  on  frozen  ground.  Furthermore,  the  drainages  of  these  reservoirs 

are  in  the  zone  of  hurricanes  - so  far,  fortunately,  only  the  edges  of  hurricanes 

have,  passed  over  the  areas.  The  chart  on  page  7 shows  unusual  flood  peaks  which 
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have  occurred  on  New  Jersey  streams,  and  the  computed  probable  maximum  flood 
at  each  of  the  reservoirs. 

3.  Determine  maximum  upstream  and  downstream  depths  of  flow  (based 
upon  the  flood  routing)  at  the  dam  and  check  for  overtopping,  stability, 
sliding,  and  stresses. 

♦.  If  the  flood  hazards  are  great,  consider  special  effects  such  as 
earthquake. 

The  chances  of  an  intensive  earthquake  shaking  these  dams  is  very  small  as 
they  are  located  in  Zone  I which  is  of  the  lowest  intensity.  However,  many  minor 
quakes  have  occurrred.  Furthermore,  in  compounding  catastrophies  which  are  not 
physically  related,  the  frequencies  of  their  respective  occurrences  must  be 
multiplied  to  obtain  the  frequency  when  both  would  occur  at  the  same  time.  Thus 
the  chance  that  the  probable  maximum  flood  and  an  intensive  earthquake  would 
occur  simultaneously  is  very  highly  improbable.  However,  if  the  probable  maximum 
flood  analyses  indicate  that  the  safety  of  a dam  is  questionable,  then  an  allowance 
is  made  for  earthquake  because  dam  failure  in  this  highly  populated  area  is  .* 
unthinkable.  The  map  on  page  9 indicates  the  locations  and  magnitudes  of 
earthquake  shocks  which  have  been  experienced  in  the  northeast.'  Magnitudes  are 
on  the  Modified  Mercalli  intensity  scale  as  detailed  on  page  10. 

3.  Make  field  inspections  and  checks  for  seepages,  leakages,  movements, 
distortions,  and  rise  in  phreatic  flow  lines. 

Probable  maximum  flood 

The  estimated  probable  maximum  flood  for  each  reservoir  is  based  upon  the 
estimated  probable  maximum  precipitation  as  derived  by  the  Hydrometerological 
Branch  of  the  National  Weather  Service  in  collaboration  with  the  U.S.  Corps  of 
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Engineers  and  is  derived  basically  for  six  hours  duration  for  ten  square  mile  area, 
with  curves  and  tables  for  corrections  for  other  areas  and  durations. 


The  procedures  for  determining  the  probable  maximum  flood  were  developed 
by  the  Soil  Conservation  Service,  Water  Resources  Council  of  the  Bureau  of  Re- 
clamation. There  are  two  important  factors  affecting  floods  which  are  difficult  to 
determine  particularly  in  this  instance.  One  item  is  the  percentage  of  runoff  and 
the  other  is  the  time  of  concentration. 

The  runoff  percentage  is  rather  low  because  the  drainages  are  (1)  gently 
rolling  or  relatively  flat  except  at  the  basin  rim,  (2)  the  drainage  areas  were  at  one 
time  glaciated  leaving  large  areas  of  sand,  gravel,  swamps,  and  bogs,  (3)  much  of 
the  area  is  covered  by  roads,  buildings,  and  improvements,  and  (4)  there  are  very 
extensive  forest,  humus,  and  brush  areas  as  well  as  some  cultivated  areas. 

w 

The  time  of  concentration  is  relatively  slow  because  the  drainages  are 
rolling  or  relatively  flat  except  near  the  basin  rims.  Furthermore  during  large 
floods,  the  flow  would  spread  out  into  the  forests,  fields,  swamps,  brush,  sand  and 
gravel  areas  and  pits,  and  urban  areas  all  of  which  would  retard  the  flow.  Much  of 
the  flow  path  would  be  through  reservoirs.  After  review  and  study,  an  average 
velocity  of  two  feet  per  second  was  adopted  for  the  greatly  widened  and  roughened 
channels  and  six  feet  per  second  through  the  relatively  long  reservoirs. 

Description  of  the  dams  and  reservoirs 

All  of  the  dams  and  reservoirs  analyzed  herein  are  used  exclusively  for 
water  supply  and  all  were  constructed  on  swampy  areas  which  had  no  other  use. 
The  dams  are  low  in  height  but  the  reservoirs  are  long  and  the  storages  are  large. 
The  Oradell  and  Tappan  dams  were  constructed  on  very  poor  foundations  which 
required  highly  unusual  and  unorthodox  designs. 
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Woodcliff  Lake  dam,  also  known  as  Hillsdale  dam,  was  constructed  in  1903- 
05  on  Pascack  creek,  a tributary,  of  the  Hackensack  River,  and  is  of  the 
homogeneous  earthfill  type  having  a concrete  core  wall  and  steel  sheet  piling.  It 
appears  that  the  earthfill  was  not  definitely  compacted.  The  slopes  of  this  fill  are 
very  steep,  two  horizontal  to  one  vertical,  and  the  freeboard  is  very  scanty.  It  has 
an  ungated  concrete  spillway  and  a concrete  spillway  chute.  Fiashboards  have  been 
employed  at  times;  these  have  been  discontinued.  Extensive  repairs  and 
modification  were  made  to  the  spillway  and  chute  in  recent  years.  The  spillway 
capacity  is  much  less  than  would  be  dictated  by  modem  engineering  practice. 

Oradell  dam,  the  lowermost  dam  on  the  Hackensack  River,  was  constructed 
in  1923,  and  is  an  unorthodox  type  consisting  of  an  Am  bur  sen  overflow  type  for  the 
ungated  spillway  section  but  is  constructed  in  reverse.  The  inside  of  the  dam  was 
filled  hydraulically  with  clay.  Due  to  the  poor  foundations,  the  buttresses  rest  on 
many  wooden  piling.  A steel  sheet  piiing  cutoif  is  provided.  Tne  nonoverflow 
section  of  the  dam  consists  of  seven  7*  x 9*  slide  type  sluice  gates  located  between 
concrete  buttresses.  This  dam  was  repaired  in  recent  years.  The  dam  was  • 
resurfaced,  the  day  filling  was  grouted,  and  the  sluice  gates  were  reconditioned 
and  repaired.  A portable  electric  operator  was  provided  to  facilitate  sluice  gate 
operation. 

Lake  Tappan  dam  was  constructed  in  1964  and  is  an  unorthodox,  spedal 
articulated,  flexible  concrete  type  dam  "floating"  on  a foundation  of  sand.  It  has 
four  6*  x 30'  automatic  bascule  type  spillway  gates  and  has  homogeneous  earthfill 
type  ends.  Leakage  is  controlled  by  slabs,  aprons,  and  partial  sheet  piling  cutoffs. 

« 
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Deforest  dam,  the  uppermost  dam  on  the  Hackensack  River,  was 
constructed  in  1954,  and  consists  of  two  5*  x 50*  automatic  bascule  type  spillway 
gates  located  on  a concrete  overflow  gravity  section  which  connects  to  two 
nonoverflow  concrete  gravity  dams  each  about  150  feet  in  length.  The  right  bank 
nonoverflow  gravity  dam  connects  to  a long  homogeneous  earthfill  dam.  The 
concrete  sections  are  situated  on  rock  while  the  earthfill  is  partially  connected  to 
rock  by  steel  sheet  piling.  This  dam  has  a large  freeboard. 

Data  concerning  these  four  dams  and  reservoirs  are  summarized  in  the 
tabulation  on  page  14.  Details  and  dimensions  of  Lake  DeForest  dam,  Lake  Tappan 
dam  and  Oradell  dam  and  our  findings  with  rega:d  to  their  safety  under  probable 
maximum  flow  conditions  are  presented  in  the  following  pages.  Studies  of 
Wood  cliff  Lake  dam  are  still  in  progress;  a separate  report  of  our  findings  regarding 
the  safety  of  that  sturcture  and  our  recommendations  for  modifications  to  the 
existing  spillway  will  be  submitted  shortly. 


OR  AD  ELL  DAM 


Oradeii  Dam  was  constructed  in  1923.  It  is  an  unorthodox  low  dam  located 
on  a very  poor  foundation  but,  and  aside  from  maintenance  repairs,  has  given  no 
trouble  over  the  years.  It  consists  of  an  Ambursen  type  dam  built  in  reverse  and 
filled  hydraulically  with  clayey  material.  It  is  supported  on  a forest  of  timber  piles 
and  cutoff  is  accomplished  by  a steel  sheet  piling.  The  ungated  spillway  is  331  feet 
in  length  and  is  designed  to  operate  normally  under  one  foot  of  head  but  up  to 
three  feet  in  emergencies.  Most  of  the  floods  are  carried  by  seven  electrically 
operated  slide  gate  sluices  adjacent  to  the  dam.  The  discharge  capacity  of 
the  sluiceway,  with  gates  fully  open  and  water  at  spillway  crest  level  is 
approximately  8,000  cubic  feet  per  second. 

In  recent  years  the  following  maintenance  to  the  dam  was  done: 

1.  The  interior  was  grouted  with  740  sacks  of  cement,  sand,  and  bentonite 
grout  to  replace  lost  clay. 

2.  A slab  one  foot  thick  was  placed  on  the  downstream  face  (six  inches 
thick  on  the  crest). 

. 3.  The  sluice  gates  were  repaired  and  reconditioned. 

The  drainage  area  is  112  square  miles  of  which  93.6  square  miles  are  on  the 
Hackensack  River  and  18.4  square  miles  are  on  the  tributary  Pascack  Brook.  The 
reservoir  area  and  volume  are  670  acres  and  8,838  acre  feet,  respectively,  at 

m 

spillway  crest  elevation. 

A plan  view  of  the  dam  and  generalized  sections  of  the  dam  and  sluiceway 
are  shown  on  pages  30,  31,  and  32. 
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Discharge  through  the  sluice  gates  at  Oradell  Dam  is  adjusted  to  suit  the 
raw  water  requirements  of  the  New  Milford  filtration  plant  located  a short  way 
downstream.  In  addition,  the  routine  duties  of  the  Watershed  Patrol  Forces  require 
that  this  dam,  as  well  as  the  other  three  dams  in  the  watershed,  be  visited  at  two- 
hour  intervals  throughout  the  day  and  night.  Water  surface  elevations  are 
measured  and  gate  operating  positions  are  logged  at  those  visits.  When  rainfall 
occurs,  in  excess  of  one-half  inch,  each  of  the  dams  is  visited  every  hour  until 
rainfall  ceases  and  the  runoff  crest  has  passed.  At  Oradell  Dam  the  gates  are 
progressively  opened  to  pass  flow  through  the  sluiceway,  to  maintain  the  reservoir 
level  at  spillway  crest  elevation.  With  the  sluice  gates  fully  opened,  and  the 
reservoir  level  at  the  sluiceway  top  slab  elevation  23.67,  total  discharge  over  the 
spillway  and  through  the  gates  is  13,000  cfs. 

The  reservoir  inflow  flood  peak  under  probable  maximum  flood-producing 
conditions  is  estimated  to  be  30,000  cfs,  equivalent  to  446  cfs  per  square  mile  from 
the  112  square  mile  drainage  area.  A peak  flow  of  this  magnitude  would  be 
produced  by  17.03  inches  of  rainfall  occvrring  in  6 hours.  Computations  of  the 
probable  maximum  precipitation  and  the  corresponding  probable  maximum  flood  for 
the  watershed  tributary  to  Oradell  Dam  are  presented  in  Appendix  A.  The 
reservoir  inflow  hydrograph  was  computed  first  for  the  entire  drainage  area  and 
then  by  combining  separate  computations  of  flow  from  Pascack  Brook  with  that 
from  the  remainder  of  the  watershed.  The  latter  method  produced  a slightly  higher 
peak  inflow  and  was  selected  for  routing  through  the  reservoir.  Reservoir  inflow 
and  outflow  hydrographs  for  the  probable  maximum  flood  are  shown  on  page  33. 
The  peak  outflow  over  the  dam  would  be  23,300  cfs  if  7,000  cfs  passes  through  the 
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sluices.  This  would  produce  a water  depth  of  5. 74  feet  on  the  crest  of  the  spillway. 
The  corresponding  differential  head  of  14.9  feet  on  the  sluice  gates  would  cause  a 
flow  of  9,500  cfs  through  the  gates  instead  of  7,000  as  assumed.  Hence  it  is 
necessary  to  cut  and  try  to  obtain  a balance  in  flows.  Figures  that  satisfy  this  are 
26,250  cfs  over  the  dam  and  9,250  cfs  through  the  sluices  with  the  tailwater  at 
elevation  14.0.  The  head  on  the  dam  crest  would  be  5.54  feet,  equivalent  to  a 
reservoir  water  surface  at  elevation  28.70.  At  that  elevation  flow  would  be  passing 
over  the  sluice  gate  structure  and  over  the  adjacent  lands  and  railroad. 

Stability  analyses  of  the  spillway  section  and  of  the  sluiceway  were  made  for 
peak  outflow  conditions.  Details  of  the  computations  and  the  resultant  forces  and 
their  locations  are  presented  in  Appendix  B.  Stability  of  the  spillway  section  is 
excellent  as  the  resultant  falls  within  the  middle  third  of  the  base.  Sliding 
resistance  is  ample  without  the  shear  resistance  of  the  piling.  Stresses  are  low  ana 
are  positive,  with  the  load  on  the  foundation  assumed  to  be  carried  entirely  by  the 
piers.  Sliding  resistance  of  the  sluiceway  is  satisfactory  when  passive  resistance  of 
the  backfill  is  taken  into  account.  Stresses  are  low.  A small  amount  of  tension 
exists  on  the  highest  pier.  However,  this  pier  adjoins  the  spillway  section  which  has 
piling.  The  resultant  falls  slightly  in  the  downstream  third  of  the  base  which 
Indicates  a small  amount  of  tension  but  not  overtiming.  The  position  of  the 
resultant  is  more  favorable  as  the  piers  reduce  in  height. 

The  condition  of  the  structure  was  examined  in  the  field.  No  evidence  of 
unsafe  conditions  or  inadequate  maintenance  was  noted.  The  sluiceway  as  well  as 
the  strrounding  lands  and  railroad  is  bound  to  be  flooded  in  major  floods  since  there 
is  no  way  to  increase  the  capacity  of  the  spillway.  In  major  floods  power  might  fail 


and  the  sluice  gates,  which  have  considerable  capacity,  could  not  be  operated.  We 
recommend  that  an  on-site  auxiliary  power  plant  be  installed  for  emergency  use. 
Or  the  sluice  gates  could  be  converted  to  hydraulic  operation  so  that  they  could 
operate  inundated. 
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CLOSURE 


▼e  have  made  an  inspection  of  the  Woodciiff  Lake  Dam,  Oradeil  Dam,  r 
Tap  pan  Dam  and  Lake  DeForest  Dam,  and  have  made  independent  computations  of 
the  probable  maximum  floods  and  of  the  stability  of  the  structures  during  such 
extreme  flood  occurrences.  Oradeil  Dam,  Lake  Tappan  Dam,  and  Lake  DeForest 
Dam  in  our  opinion  are  completely  safe  under  all  foreseeable  flood  conditions.  This 
report  presents  the  results  of  our  studies  and  findings  for  these  three  structures. 

The  spillway  of  Woodciiff  Lake  Dam,  constructed  in  1903,  is  inadequate  to 
pass  the  probable  maximum  flood  peak  computed  to  present-day  design  standards. 
Preliminary  layouts  and  designs,  of  alternative  methods  of  increasing  the  spillway 
capacity  .are  now  in  progress.  Foundation  and  material  investigations  have  been 
completed;  laboratory  testing  of  material  sampled  from  the  spillway  area  and  from 
the  main  dam  embankment  is  now  underway.  A report  presenting  the  results  of  our 
studies  and  our  recommendations  will  be  submitted  to  you  in  the  near  future. 

We  trust  that  the  data  presented  herein  will  be  useful  to  the  Company.  We 
shall  be  pleased  to  discuss  the  data  with  you  and  to  furnish  such  additional 
Information  as  may  be  desired. 

Respectfully  submitted 

BUCK,  SEIFERT  <5c  JOST,  INC. 

• L - A * 

Lawrence  A.  Leyenberger 

July,  1978 


PROBABLE  MAXIMUM  FLOOD 


ORADELL  RESERVOIR 

1.  Area  » 93.6  square  miles.  (Hackensack  River,  excluding  Pascack  Brook) 

2.  6 hr,  10  sq-mile,  probable  maximum  precipitation 

s 24.3  inches 

3a.  Probable  maximum  precipitation  for  93.6  square  miles  for  various  durations 

is: 

* % of 

10  sq.mi. 

Total  PMP 

Duration 

6 hr.  value 

(inches) 

0-6  hrs 

30 

19.60 

0-12 

37 

21.31 

0-26 

93 

23.2S 

0-43 

108 

26.46 

3b.  Hourly  PMP,  6 hr 

period 

* 

% 6 hr  PMP 

Accumulated  Incremental 

Time 

PMP 

PMP 

(hours) 

(inches) 

(Inches) 

(inches) 

1 

49 

9.60 

9.60 

2 

64 

12.34 

2.94 

3 

73 

14.70 

2.16 

4 

34 

16.46 

1.76 

3 

92 

13.03 

1.37 

6. 

$ 

100 

- ' 19.60 

1.37 

3c.  PMP  design  arrangement 

Time 

Accumulated 

(ending  hr.) 

Inches 

PMP  (inches) 

1 

1.37 

1.37 

2 

1.76 

3.33 

3 

2.16 

3.49 

4 

• 

9.60 

15.09 

3 

2.94 

13.03 

6 

1.37 

19.60 

12 

1.71 

21.31 

24 

1.97 

23.23 

43 

2.13 

26.46 

(A-17) 

• 
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Lind  use 


3d. 


Tries  & brush 
Grass  ic  veg. 

Farm  & orchards 

Roads,  bldgs.,  developments 

Reservoirs,  lakes,  swamps  <Jc  streams 


Runoff 


Est.  % 

Curve 

57 

25 

1425 

6 

30 

ISO 

6 

40 

240 

25 

70 

1750 

6 

100 

600 

100 

4195 

4.  Design  rainfall  (probable  maximum  flood) 


Time 

(Ending  Hour) 


Accumulated 

PMP 

(inches) 


Incremental 

Accumulated  Design  Rainfall 
PMP  x 87%  MPM 


1 

1.57 

1.36 

1.36 

2 

3.33 

2.90 

1.54 

P 

3 

5. 49 

4.78 

1.88 

4 

15.09 

13.13 

8.35 

5 

18.03 

15.69 

2.56 

6 

19.60 

17.05 

1.36 

12 

21.31 

18.54 

1.49 

24 

23.28 

20.25 

,1.71 

4S 

26.46 

23.02 

2.77 

lirect  runoff  increments  for  PMF  flood 

Increm. 

Accum. 

Design 

Design 

Direct  Runoff 

Increm. 

Time 

Rainfall 

Rainfall 

Accum. 

Increm. 

Loss 

1 

1.36 

1.36 

0.03 

0.03  •• 

1.33 

2 

1.54 

2.90 

0.05 

0.02 

1.52 

3 

l.SS 

4. 78 

0.26 

0.21 

1.67 

4 

S.35 

13.13. 

4.45 

4.19 

4.16 

5 

2.56 

15.69 

6.25 

1.80 

0.76 

6 

1.36 

17.05 

7.27 

1.02 

0.34 

12 

1.49* 

18.54 

8.42 

1.15 

0.34 

24 

1.71 

20.25 

9.78 

1.36 

0.35 

4S 

2.77 

23.02 

12.05 

2.27 

0.50 

( A— 1 8 ) 
96 


Time  of  concentration 


6. 


On  land  a 10.3  mUes  a 34,384  ft/2 
. On  water  a 13.6  miles  a 71,808  ft/6 


a 27,192  sec. 


a 11,968 
39,160 


10.9  hours 


For  one  hour  increment 

T peak  a ft  ♦ 0.6  x 10.9  s 7.04  hrs 
T base  a 2.67  x 7.04  a 18.8  hrs 


q peak 

a 484  x 93.6 

x 1.00 

6433  cfs 

>.04 

Plotting  table 

qp  for 

qp  for 

Time 

Increm . 1 

.00  Inch 

Increm. 

(ending 

Runoff 

Runoff 

Runoff 

hour) 

inches 

cfs 

cfs 

1 

0.03 

6433 

193 

2 

0.02 

n 

129 

'3 

0.21 

9 

1,331 

4 

4.19 

9 

26,963 

3 

1.80 

■ 

11,383 

6 

1.02 

V 

6,364 

Incremental 

Hydrograph 


Begin 

Peak 

End 

0 

7.04 

18.8 

1 

8.04 

19.8 

2 

9.04 

20.8 

3 

10.04 

21.8 

4 

11.04 

22.8' 

3 

12.04 

23.8 

8*  Inflow  hydrograph 


Time 

Hackensack 

Pascack 

Ending 

River 

Brook 

Reservoir 

Hour 

93.6  sq.  miles 

18.4  sq.  miles 

Inflow 

1 

30 

30 

2 

70 

70 

3 

300 

300- 

4 

4,200 

4,200 

3 

9,400 

20 

9,400 

6 

13,900 

30 

16,000 

7 

22,200 

100 

22,300 

8 

28,400 

1,700 

30,100 

9 

34,600 

3,800 

38,400 

10 

40,300 

6,200 

46,700 

11 

40,900 

8,700 

49,600 

12 

38,700 

11,100 

49,800 

13 

33, 100 

11,000 

46,100 

14 

31,200 

10,200 

41,400 

13 

27,600 

8,700 

36,300 

16 

23,700 

7,200 

30,900 

17 

20,000 

3,700 

23,700 

18 

, 16,100 

4,200 

20,300 

(A-19) 
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ORADELL  DAM 

RESERVOIR  AREA  AND  STORAGE 


DIFFERENTIAL  HEAD  IN  FEET 


ORADELL  RESERVOIR 


Depth  on  Spill 

Spillway  ds 

0 0 

1 1,160 

2 3,221 

3 6,022 

♦ 9,301 

3 13,647 

6 12,296 

7 23,642  . 

2 31,662 

9 32,300 

10  44,262 

11  31,072 


Storage 


Ac. Ft. 

Sec.lt. 

hours 

0 

0 

700 

2,400 

1,900 

22,200 

3,000 

36,000 

4,600 

33,200 

6,300 

72,000 

2,300 

102,000 

11,000 

133,000 

13,900 

166,200 

17,000 

204,000 

20,000 

240,000 

24,000 

222,000 

F2>: 

,F1 

0 

0 

2,920 

7,220 

23,240 

21,160 

39,014 

32,926 

39,950 

50,450 

24,223 

71,177 

111,142 

92,252 

144,224 

119,176 

122,631 

.130,964 

223,230 

124,750 

262,134 

217,266 

313,336 

262,464 

(A-23) 
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CRADELL  RESERVOIR 
FLOOD  ROUTING 


1 


Assuming  7000  cfs  Thru  Sluice  Gates 


Time 

Hour  to  Hour 

Mean 

Inflow  (cfs) 

Inflow 

7000  cfs 

°1 

°2 

4 

3 

6,S00 

0 

0 

100 

3 

6 

- 12,700 

5,700 

100 

1,000 

6 

7 

19,200 

12,200 

1,000 

2,200 

7 

8 

26,200 

19,200 

2,200 

5,400 

S 

9 

34,200 

27,200 

3,400 

9,200 

9 

10 

42,600 

33,600 

"9,200 

13,600 

10 

11 

4S,200 

41,200 

13,600 

18,250 

11 

12 

49,700 

42,700 

18,250 

22,500 

12 

13 

4S,Q00 

41,000 

22,500 

26,000 

13 

14 

43,800 

36,800 

26,000 

27,800 

14 

13 

38,800 

31,800 

27,800 

28,500 

13  . 

16 

33,600 

26,600 

28,500 

28,100 

16 

17 

28,300 

21,300 

28,100 

25,900 

17 

IS 

23,000 

16,000 

25,900 

23,300 

(A-24) 
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ORADELL  DAM 


SPILLWAY  SECTION 

(1  unit  a 10*  ctrs) 


ORAOELL  DAM 


Water  load  (Iffctr  to  ctr) 

W.5.  * 28.70  eler. 

Lower  pier  (hor.) 

23.5SX62.4.3W  a 19,154# 

23.0x62.4xStx2'  a 22,963# 

22. 16x62.4x8x21ft  a 237,839* 

22.04x62.4  = 1375.3 
3,34x62^  s 345,7 

2)  1721.0  (860.5  ave.  x 19.0  x 2 = 32,699  on  slope 

Horiz.  = 27,800* 

Vert.  * 17,000* 

*r 

Crest  (horiz.) 

6.75  x 62.4  x 8 x 2.5  = 8,424* 

Crest  (vert.) 

8 x 62.4  x 8 x 5 » 19,963# 

Slab 

8 x 62.4  a ‘ 499 

14.33  x 62.4  a _894  . . 

2)  1393  (697  x 8.6  x 8 a 48,160* 

Horiz.  a 35,000? 

Vert.  a 33,000* 

Slab 

14.33  x 62.4  a 894 
22.0  x 62.4  a 1372 

2)  2266  (1133  x 8.0'  x 8 * 75,512 

Horiz.  a 68,500 
Vert.  a-  22,600 


Floor 

Slab  (hor.) 
Floor 

Slab  (vert.) 
Upper  pier 


r 


ORADELL  DAM 

(19  ctr  to  ctr) 


Backwater  load 


6.3  x 62.4  x 3.23  x 10  a 13,132' 
Slab 

T2&A  x 10.33  x 10  * 22,361 

Foundation 

6.23x62.4  . 390 

13.23x62.4  * 327 


2)1217(608.5x10  x 7.00  = 42^95  = 


(42,000 
( 9,000 


Foundation 


9.75  x.  62.4  x 

6 x 1 = 3,650* 

11.25  x 62.4  x 

6 x 2 a 3,424 

- 12.75  x 62.4  x 

10  x 1 a 7,956 

Uplift 

Foundation 

Lbs 

Moment 

13.33  x 62.4  x 

10  x 7 « 53,225  x 27.67  « 

1,611,0*3 

Foundation 

10.33  x 62.4  x 

6 x 3.5  a 13,336  x 22.25  a 

301,187 

Slab 

• 

10.33  x 62.4  x 

6 x 19  a 73,433  x 11.00  a 

308,310 

Slab 

24.0  x 62.4  x 

6 x IS  a 13,473  x 0.75  a 

10,108 

Slab 

27.0  x 62.4  x 

4 x IB  « 10,108  x 0.75  * 

7,581 

Slab 

• 

12.33  x 62.4  x 

22.5  x 4 a 69,245  x 13.0  a 

900,138 

a 13,000  x 30.75  = 
11\  * 

399,750 

107  251,075  16.03 

4,038,222 

" ■ . - «•  A.  *•  , . ' 

. ■ . .V*  ■W’** 


OR  AD  ELL  DAM 


(10*  ctr  to  ctr) 


Earth  load 

Vt.  dry  a 100  Ibs/cu.ft.  6 


30“ 


Submerged  weight  a 100-62.4/(1-0.40) 
or  100  (2.67-1)  ..  ..  . . 

("i.^7  ) 3 ^ Ibs/cu.ft. 


2.67,  voids  a 40% 
63  Ibs/cu.ft. 


e**  pnmre  , £§&|J 


63xh^  (1-0.5) 
~~T~  (1+0.5) 


acting  as  a water  load 


Vertical 


1. 


arm 


on  slab 

s 63x14. 00x2x13. 51 

= 95,256 

X 6.7  5 a 

642,972 

m it 

» 63x10.90x2x5.67 

a 31,149 

X 17.00  = 

529,533 

it  m 

» 63x3.75x2x2.33 

a 4.404 

X 20.40  a 

29.242 

130.209* 

1,262,353 

9.65 

Horiz.  (&  vert.) 

2 

m 63  X 1 6 ( r,  A 

Pier  » — y x 1/3  x 2 a 

Horiz. 

Vert. 

3,376 

17200 

Her  a 63  x 1/3  x 17.3  x 4 

2 

1,470 

- 

Slab  . x 1/3  x 2 

Slab  a 63x1/3x14.16  a 297.36 

43xl/3x  6.5  a 136.50 

J,549 

4,300 

(ave.)  13,293 


13,638 


3,200 

10,700 


Moments 

Horiz. 

Vert. 

5376  x 

2.5 

9 

43,659 

3200 

X 

2.5  ' 

1470 

1.5 

9 

3,205 

4300 

X 

17.23  i 

3349 

14.9 

9 

32,220 

3200 

X 

20.5  ) 

13,293 

£ ft 

2.4 

2.99 

9 

111.661 

212,441 

4355 

357S3 

U \ DOO 

* 

• 

130,209 

9.63  « 

• 

(B— 12) 

126,509 

2.94  h 

+S,000 

-74,175 

-65,600 

-131,775 
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. 

ORADELL  DAM 
SPILLWAY  DAM 

10  ft.  ctrs. 


Backwater 

Horiz. 


Water  lead 
Horiz. 


♦ 

♦ • 

m 

17,300  x 7.6 
12,000  x 1.73 
3,630  x 2.30 
3,424  x 1.00 
7.930  x -0.30 

u ,ii  ii  u u 

♦133,000 

♦ 73,300 

- 9,123 

- 3,424 

♦ 3.973 

♦ 

39,476  4.39 

♦192,926 

Vert. 

♦ 

13,000  x 27.0 

3 

♦403,000 

• 

13,132  x 30.3 

3 

-402,051 

- 

9.000  (inc.in  i 

uplift) 

♦• 

1,313  1.62 

♦ 2,949 

m 

19,134 

X 

1.5 

* 

- 23,731 

• 

22,963 

X 

4.0 

3 

- 91,352 

• ' 

27,300 

X 

11.8 

3 

-328,040 

■ - 

35,000 

X 

15.6 

3 

-346,000 

- 

63,300 

X 

3.5 

3 

-332,230 

7 i 

8.424 

X 

20.33 

3 

-171.260 

- 

131,841 

9.61 

-1,748,133 

Vert. 

♦ 

237,339 

X 

12.75 

3 

♦3,032,447 

♦ 

17,000 

X 

4.4 

3 

♦ 74,300 

19,963 

X 

11.0 

3 

- 219,643 

• 

33,000 

X 

16.65 

3 

- 349,430 

m 

22,600 

X 

20.3 

3 

- 463,300 

♦ 

179,271 

10.46 

3 

♦1,874,849 

(B-13) 
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ORADELL  DAM 


ORADELL  DAM 
SLUICEWAY  SECTION 

(iff- 2"  ctrs)  Max.  Sec. 


Average  weight  per  lineal  foot 


. 

Cu.Ft.  Concrete 

Lbs. 

Pier 

7 x 6.67*  x 23* 

306.8  x 150 

46,020 

■ 

i 

Pier 

x 23' 

23.0 

3,450 

Pier 

y x 2ff-4fc  x 5.3* 

336.2 

50,428 

Pier 

y x 17.5+3.5  .... 

519.8 

77,970 

Pier 

4'  x 13  x 24.375 

1462.5 

219.375 

T 

2648.3 

397,343 

Slab 

0.83  x 9.0  x S'-2" 

61.0 

9,130 

- 

Slab 

I'-3"  x 1*  x 8*-2" 

10.2 

1,530. 

Slab 

i'-4"  x 7*-2»  x 26’ 

247.9 

37.185 

• 

• 

319.1 

47,865 

Wall 

1.0  x 14ft*  x 7*-2" 

104.0 

15,600 

Wall  . 

2.0  x 15*  x 6*-2" 

185.1 

27.765 

... 

289.1 

43,365 

3256.3  x 150 

488,473 

j * 


(B.-16) 
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T*  ’ 


(Cats  not  inc.) 
(Near  dam) 


OR  AD  ELL  DAM 
SLUICEWAY  SECTION 
CENTER  OF  GRAVITY 
ONE  SLUICEWAY 


Vol.  (cu.ft.) 

Cu.Ft. 

X 

• Moment 

X 

Moment 

Pier 

1 x 2/2  x 23.3 

23.3 

-0.23* 

-3.9 

23.17* 

-344.3 

Pier 

2 x 6.67  x 23.3 

313.3 

3.34 

1047.1 

.23.17 

7,263.8 

Pier 

3.623  x 3 x 16.33 

177.6 

8.88 

1377.1 

33.0 

3,860.8 

Pier 

16.33  x 14.73 

361.3 

13.17 

3480.9 

30.34 

10,961.8 

Pier 

18.373  x 6.67  x 3 

367.6 

13.90 

3844.8 

21.34 

7,844.6 

Pier 

1 x 2 x 23.3 

47.0 

1.00 

47.0 

23.17 

1,089.0 

Pier 

'6.67  x 17.3  x 3 

330.2 

3.34 

1169.7 

8.23 

2,889.2 

Pier 

18.373  x 18  x 3 

992.3 

16.00 

13,876.8 

10.00 

9.923.0 

2633.0 

31,037.3 

43,287.7 

Deck 

3.373  x 0.83  x 8.16 

22.9 

2.33 

38.4 

40.3 

927.5 

2.08  x 1 x 8.16 

17.0 

4.30 

76.3 

40.3 

688.5 

2.0  x 0.83  x 8.16 

13.3 

8.73 

118.1 

40.0 

340.0 

• 

33.4 

231.0 

2136.0 

Wall  • 

13.73  x 1 x 8.16 

112.2 

7.17 

804.3 

34.4 

3839.7 

Floor 

1.23  x 6.67  x 7.16 

39.7 

3.34 

199.4 

17.0 

1014.9 

Floor 

1.23  x 18.373  x 7.16 

164.3 

13.90 

2613.6 

17.3 

2878.8 

Wall 

2.0  * 16.73  x 7.16 

239.9 

7.70 

1847.2' 

8.33 

1998.4 

• 

376.3 

3466.7 

9731.8 

3262.7 

36,737.2 

37,193.3 

. 

x 130 

X 

. 11.27  ft.  Y 

« 17.33 

10.17)489,403 

48, 1220/ft. 


average 


r 


j; 


£ 


ORAOELL  DAM 


SLUICEWAY  SECTION  Gates  Open 


* 

Res.  W.S.  a 22.70,  Backwater  = 14.0 

One  Gate  Unit  = 10* -2"  Ctrs.  Max.  Sec. 

Water  loads 

Upper  pier 

27.00  x 62.4  a 1625 

3.03  x 62.4  a 129 

2)1374(937  x 24  x 2* 

a 

Lbs 

4^76 

Lower  pier 

41  x 62.4  a 2552 

27  x 62.4  a 1625 

2)4343(2122  x 14  x 4 

3 

112,232 

Floor  slab 

26.5  x 62.4  x 1.5  x 2.16 

3 

20,240 

Vert,  slab 

17.0  x 62.4  a 1061 

3.03  x 62.4  a 129 

2)1335(625  x 14  x 2.16 

3 

71,400 

Lower  x pier 

2122  x 13.5  x 6.17 

3 

176,752 

Tail  water 

Upper  pier 

62 

§-  x 62.4  x 3 - 

• 3 

3,369 

Upper  pier 

11.5  x 62.4  = 718 

6 x 62.4  a 374 

2)1533(546  x 3 x 5.5 

3 

9,009 

Lower  pier 

22.0  x 62.4  a 1747 

12.5  x 62.4  + 7 80 

2)3337(1264  x 4 x 14 

3 

70,784 

Upper  pier 

' 2.5s  x 62.4 

3 

195 

Upper  pier 

• 

3 

3,369 

Upper  pier 

6 x 62.4  x 2.5  x 3 

3 

2,202 

Lower  X pier 

22.0  x 62.4  . 1747 

12.5  x 62.4  « 720 

2)1337(1264  x 6.17  x 13.5 

3 

105,225 

Approx,  balance  water  load  on  slabs 

Bottom  pier  a M x 62.4  x 4 x 7 a 71,635 

26  x 62.4  x 4 x 16  a 103, 834 

33  x 62.4  x 4 x 6.16  a 50,739 

Earth  Passive  Resistance 

P a 3.35  x 63  x x 10.16  a 210,13S#  <§  1/3  pt.  (B_18) 
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ORADELL  DAM 
SLUICEWAY  SECTION 


9 


Water 


- #4,976 

X 

22.3 

8 

1,011,960 

- IIS, 832 

X 

6.3 

8 

772,408 

- 20,240 

X 

14.0 

3 

283,360 

- 71,400 

X 

29.3 

9 

2,106,300 

- 176.732 

X 

7.0 

3 

1.237.264 

- 432,200 

12.32 

3,411,292 

Tail  water 


♦ 3,369 

X 

22.0 

3 

74,118 

♦ 9,009 

X 

17.73 

3 

139,909 

♦ 70,784 

X 

6.23 

3 

442,400 

♦ 103,283 

X 

6.23 

3 

638,031 

♦ 193 

X 

24.30 

3 

4.778 

♦ 188,642 

X 

7.10 

1,339,236 

♦ 3,369 

X 

22.73 

3 

76,643 

♦ 2.808 

X 

23.6 

3 

71.883 

♦ 6,177 

24.03 

• 

148,330 

Uplift 


- 71,633 

X 

3.3 

3 

230,723 

- 103,834 

X 

14.6 

3 

1,313,976 

- 30.739 

X 

8.0 

3 

403.912 

• 226,208 

9.60 

2,172,611 

(B-19) 
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ORADELL  DAM 


ORADELL  DAM 

STABILITY  GRAPHICS 


117  SLUICEWAY 

Seale:  I*  s 3* 
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